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ADP-GLUCOSE RECEPTOR 



This application claims the benefit of U.S. 



Provisional Application No. 60/234,025, filed September 
20, 2000, and is incorporated herein by reference. 



The present invention relates generally to the 
field of G-protein coup'led receptors and, more 
specifically, to therap^eutic and diagnostic compositions 
10 and methods relating to A[)P-glucose receptor. 



large and growing family of integral membrane proteins 
which transduce extracellular signals intc^ cellular 
responses. The natural agonists of different GPCF:s range 
15 frc)m peptide and non-peptide neurotransmitters, hormones 
and growth factors, to lipids, nuc leoside-sugars , amino 
acids, light and odorants. 

G-protein coupled receptors are involved in a 
variety of critical biological functions, and have proven 
20 to be important pharmacological targets. It is estimated 
that over 50% of current drugs are targeted towards 
GPCRs, and represent about a quarter of the 100 top- 
selling drugs worldwide. G-protein coupled receptors are 
also linked to a large number of hereditary diseases. 
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BACKGROUND OF THE INVENTION 



G-protein 



coupled r 



ecetirors (GPCRs) compirise a 
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Thus, there exists a need to identify nC'vel 



G-protein coupled receptors and their ligands, to 
identify the physiological function of such recep'tors, 
and to develop methods of screening for therapeutic 
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compounds that specifically target these receptors. 
There also exists a need to iden::ify individuals having 
or at risk of developing diseases associated with 
aberrant functic>n cir exfiression C)f G-protein coupled 
5 receptors. The present invention satisfies these needs 
and prc>vides related advantages as well. 

SUMMARY OF THE INVENTION 

The f-resent invent l-on provides an iscdated 
nucleic acid m-jlecule C'Ontaining a nucleo::ide sequence 

10 which enc^jdes an ADP-gl uc'jse receptC'r. Further provided 
are vectc-rs and cells C':>ntaining the isidated nucleic 
acid m-jiecule. The inventic-n also p^rc'vides an isolated 
pc'i ynu r ieci t ide , c-ontaining at least 20 ccint iguc-us 
nucleotides frcaii the nucleotiae sequence designated 3EQ 

15 ID N(j:1 C'r fr.jm the complement thereof . 

AlS'O p'rc'vided is an iscdated AC)?-gluco3e 
recep'tC'r pC'lyperi't ide . Further provided is an isolated 
immunogenic peptide, cc-ntaining at least 10 contiguc^us 
residues of the amino acid sequence designated 
20 3EQ ID NO: 2. The invent it^n als'j prc'vides an antibody 
specific fc-r the isolated AC'P-g 1 ucose receptor 
polypeptide, and an antibody specific for the isolated 
immune- gen ic peptide . 

The inventi'on also prc'Vides a method C'f 
25 identifying an ADP-glucose recep'tor agonist or 

ant agc^n i s t . The methc'd is P'racticed by ccintacting an 
ADr-giuccse receptor with one or more candidate cc^mpounds 
under conditions suitable for detectic-n of a G-prC'tein 
coupled signal in resp'Onse to ADF-glucose, and 



identifying a candidate compound that alters production 
of the signal. Such a compound is characterized as an 
ADP-glucose receptor agonist or antagonist. 

Also provided is a method of identifying an 
5 ADP-glucose receptor ligand. The method is practiced by 
contacting an ADP-glucose receptor with one or more 
candidate compounds under conditions suitable for 
detecting selective binding of AE>P-glucose to ADP-glucose 
receptor, and identifying a candidate compound that 
10 selectively binds the ADP-glucose receptor. Such a 

compounds is characterized as an ADP-glucose receptor 
ligand . 

Further provided are methods of diagnosing or 
determining susceptibility to ADP-glucose receptor 

15 associated conditions. In one embodiment, the method is 
practiced by detecting in a sam.ple from, the individual 
expression of a nucleic acid molecule which specifically 
hybridizes to the complement of SEQ ID N0:1. Abnormal 
expression of the nucleic acid indicates that the 

20 individual has or is susceptible to an ADP-glucose 
receptor associated condition. In an alternative 
embodiment, the method is practiced by detecting in a 
sample from the individual expression of a polypeptide 
which specifically binds an ADP-glucose receptor ligand. 

25 Abnormal expression of the polypeptide indicates that the 
individual has or is susceptible to an ADP-glucose 
receptor associated condition. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows the nucleotide sequence (SEQ ID 
N0:1) and deduced amino acid sequence {SEQ ID N0:2) of 
the human ADP-glucose receptor. The seven predicted 
5 transmembrane domains are underlined. 



receptor as a function of drug concentration. Figure 2A 
shows changes in rntracellular calcium concentration in 
CHO cells transiently transfectea with Go^l6 and Gc^qi3 in 

10 response to ADP-glucose (filled squares), ADP-ribose 

(open circles), or ADP-mannose (open triangles) and in 
untransf ected CHO cells in response to ADP-glucose 
(closed triangles) . Figure 2B shows changes in 
intracellular calcium concentration in unt rans f ec ted HEK 

15 293 cells in response to ADP-glucose (filled squares), 
ADP-ribose (open circles) or ADP-miannose (open 
triangles). Values are mean ± S.E.M. (n-3) from a 
representative experiment . 

Figure 3A is a Northern blot showing expression 
20 of ADP-glucose receptor mRNA in the indicated human 

tissues. Figure 3B is a dot blot showing expression of 
ADP-glucose receptor mRNA in the indicated human tissues: 
Al, whole brain; A2 , am.ygdala; A3, caudate nucleus; A4, 
cerebellum; A5, cerebral cortex; A6, frontal lobe; A7 , 
25 hippocampus; A8, medulla oblongata; Bl, occipital lobe; 

B2, putamen; B3, substantia nigra; B4, temporal lobe; B5, 
thalamus; B6, nucleus accumbens; B7, spinal chord; CI, 
heart; C2, aorta; C3, skeletal muscle; C4, colon; C5, 
bladder; C6, uterus; C7, prostate; C8, stomach; Dl, 
30 testis; D2, ovary; D3, pancreas; D4, pituitary gland; D5, 



Figure 



2 shows signaling through ADP-glucose 
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adrenal gland; thyroid gland; D7 , salivary gland; D8 , 

mammary gland; El, kidney; E2, liver; E3, small 
intestine; E4, spleen; E5, thymus; E6, peripheral 
leuk(3cytes; E7, lymph node; E8, bc^ne marrow; Fl, 
5 appendix; F2 , lung; F3, ::rachea; FA^ placenta; Gl , fetal 
brain; G2, fetal heart; G3, fetal kidney; G4 , fetal 
liver; G^j , fetal spdeen; G6, fetal thymus; G7, fetal 
lung; HI, yeast total RNA; H2, yeast tF.NA; H3, E. coll 
rRKA; H4, E. coli DNA; H5, poly(rA); H^., human ct 1 DNA; 
10 H7, numan DNA (100 ng); H3, human DNA (500 ng). 

EMgure 4A shows the^ effect ot AD?-glucose on 
sr'ontanejus cc>nt ract ic^ns in guinea pig ileal segments. 
Figure 4B shows the effect of: ADP-gluc':>se on 
electrically-evoked contractions in guinea pig ileal 

15 segments. Figure 4C shc^ws the effect C'f AliP-glucose on 
histamine-indured contrac tic-ns in guinea pig ileal 
segments. Arrc)W3 denote time points ot drug addition and 
values are given as final bath ccricent ra ti'jns . The 
vertical scale bar equals contractile force measured as 

20 mass. Recorder settings were (A) 0.5 g, (B) 1 g and (C) 
2 g. The horizontal scale bar equals 1 min in A, B and 
C . 

Figure 5A shows tne effect of ADP-glucose 
(ADPG) on contractions elicited by field-stimulation of 
25 untreated guinea pig ileum (filled squares) and pertussis 
toxin-treated ileal preparations (open squares). Figure 
53 shows the effect of ADP-glucose (ADPG) on contractions 
produced by 0.3 uM nistamine. All values are mean ± 
S.E.M. and were determined in duplicate. 
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Figure 6A shows the effect of ADP-glucose 
(ADPG) on contractions elicited by phenylephrine 
treatment of rat thoracic aorta (filled squares), 
abdominal aorta (filled triangles), and carotid artery 
5 (filled diamonds) . Figure 6B shows the effect of ADP- 
glucose (ADPG) on cont racticins elicited by serotonin. 
All values are mean + S.E.M. and were determined in 
triplicate. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention relates to the identification of 
ADP-glucose and ADP-ribose as signal ^^ransmi t ter s in 
mammals. The invention further relates to the 
identification of an ADP-glucose receptor and 
characterization of its signal transduction pathway and 
physiol'Dgica 1 activity. Thus, comriosi t i ons and methods 
useful for identifying li^jands, agc^nists and antagonists 
of ADP-glucose receptor are provided. Such compounds can 
be used therapeutically to prevent or ameliorate 
conditic-ns associated with altered ADP-glucose receptor 
function, including conditions associated with smooth 
muscle contractility and vascular tone. Also provided 
are compositions and methods useful fc^r diagnosing or 
predicting susceptibility to conditions associated with 
alt^^red ADP-glucose receptor functio^n. Such knowledge 
allows optimal medical care for an affected individuals, 
including appropriate genetic counseling and prophylactic 
and therapeutic in tervent ion . 

As used herein, the term ''A:>P-glucose receptor" 
refers to a polypeptide containing the amino acid 
30 sequence designated SEQ ID IID : 2 , or to a polypeptide 
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containing minor modifications to the sequence designated 
SEQ ID NO: 2, which transduces a G-p'rcitein cc)Upled signal 
in resfionse to ADP-glucose (adencisine 5*- 
di tihospihogiucose ) . 

5 The ADP-glucC'Se recej'tor polypeptide containing 

the aminC' acid sequence designated SEQ ID 110:2 is a 
uku qui tou sly expressed human seven- 1 ran smembrane- domain 
P'ldypepit ide tnat transduces G-pr<jtein coup led signals in 
resp'C'nse tC' A jP-glucc'Se . The seven predicted 
10 transmembrane spanning sequences are underlined in 
Figure I . 

As used nerein, the term ''transauces a G- 
protein coupled signal" refers tci the ability of the 
receri'tor to transduce a G-p'rotein coupled signal in 

15 resp'C'nse zo ACiP-gluc^jse with an EC: of less than about 
10^ M, preferably less than 5 >: 10" M, mere preferably 
less than 10" including less than 5 x 10"" K or less 

than 10"*"^ M, when transiently expressed in CHO cells. The 
term ''EG: " refers to the concentration of agonist 

20 required to generate half o-f the maximal signal. 

An ADP-glucCiSe receptor is also characterized 
by its ability to transduce a G-protein coupled signal in 
resc'onse to the nucleoside sugar AC)?-ribose, altnough 
with an EC about 10-fold higher than for ADP-glucose. 
25 An Ailtp-glucose recept'or is further characterized in that 
it does not transduce a G-protein coupled signal in 
respcnse to AOP-mannose, or transduces such a signal with 
an EC' at least 100-fold, such as at least 1000-fold, 
higher than fo>r ADP-glucose. 



As used herein, the term "G-protein" refers to 
a class of heterot rimer ic GT? binding proteins, with 
subunits designated Ga, Gp and Gy, that couple to seven- 
transmembrane cell surface receptors to couple 
5 extracellular stimuli to intracellular messenger 

molecules. G-proteins are distinguished by their Ga 
subunits. The more than 10 different Ga subunits, 

encoded by 17 different genes, can be grouped into four 
major families: Gas, Gai, Gaq, and Gal2 . 

10 As described herein, rhe ADP-glucose receptor 

having the amino acid sequence designated SEQ ID NO: 2 
naturally couples to Gaq-contaming G proteins, but also 
can couple to G proteins containing other Ga subunits, 
such as Gal6 and Gai. Signaling through Gag-containing 

15 G-proteins promotes intracellular calcium ion 

mobilization, which can be determined by assays described 
herein. Thus, an exemplary "G-protein coupled signal" 
for determining that a polypeptide specifically 
transduces a G-protein coupled signal in response to ADP- 

20 glucose is intracellular calcium ion mobilization. 

The specificity of Ga subunits for cell-surface 
receptors is determined by the C-terminal five amino 
acids of the Ga . Thus, a variety of signal transduction 
pathways can be assayed to determine transduction of a G- 

25 protein coupled signal by an ADP-glucose receptor, by co- 
expressing a chimeric Ga conrainmg the five C-terminal 
residues of a Ga known or predicted to couple to ADP- 
glucose receptor (such as Gai, Gaq or Gal6), with the 
remainder of the protein corresponding to a Ga that 

30 couples to the signal transduction pathway to be assayed 
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(e.g. Gas^ to assay increased cAMP p'r^jduction, or Gaq to 
assay intracellular Ca- ' mobilization). Based on the 
known sequences of Ga suhunits, nucleic acid molecules 
enc'jdin':j chimLeric Ga can t-e ccinstructed and exp-ressea by 
5 menhods knc^wn in the art and aescritjed, fc-r examp^le, in 
Gonklin et ai . , Nature 363:274-276 (1933), and 
Komatsuzaki e: al., FEES Letters 406:165-170 (1995). 

Hiep'Onding on tne Ga subunit endc>genously or 
rec'ombinant ly exp-ressed i n tne assay system, ti-p^rotein 

10 ccup'led signals chat can oo determine'l include, t^ut are 
nzz limited zo^ increased or aecrease'ii pr'cducti<jn or 
1 iberat lor: of arachiaonic ac id, acety Ichol ine, 
diacylglycercd , cGMP, cAM?, ini'sit-jl tjhosp'hate and ictns; 
altered i:ell niemiorane r^j ten t ia 1 ; G'l' ? hydr-ilys i s ; influx 

15 or efflux of aminc' acids; increase':! or decreaseci 

P'hosph'j ry la t l ori o f in t race 1 lu la r p rote ins ; a nd ac t i va t i cm 
ot transc ripe ion I'f an endc-gen-jus gono or prcim-jter- 
rep"jr te r o.or.s z ruo z . 

As used herein, the termi "'minc'r mc>d i f i ^ra t ion^' 
20 tC' the sequence designated SEQ ID IIG) : 2 refers Zo one or 
mc're aoditicins, deletions or substitutions ccaipiared with 
the recitea amine* acid sequence; ':>ne or mc-re chemical or 
enzym.31 1 1'j modi f ic:a t ic^ns tc- the p>o 1 yp.epj t i de ; or 
subs t i tut i C'n of or.e or more L-C'On f i gu ra t ic^n amino acids 
25 with ci'r resp'i-nding C)-C'jn f i gu ra t i on aminc' acids. Such 
mc'di f i ca t ions can be advani agec'us , for examp)le, in 
enhancing the stat-ility, expressii^n level, signaling 
activity, -ir rdnding specificity 'if the recep'tor. The 
functi-m of the mc'dified p^'jlypep-t ide ran be assayed h^y 
30 the methods aescrioed herein, t'l ::i'nfirmi that the 

mC'dified polyp^eptide retains the atdlity to specifically 
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transduce G-protem coup'led signals in resp'onse to ADP- 
glucc^se . 

Moai f icat icTis to the amino acid sequence 
designated SEQ ID NO: 2 can be randomly generated, such as 
5 by random insert ic-ns, deleti'jns or substitutions C'f 

nucleotides in a nucleic aci'ii molecule encC'ding 3EQ IE' 
Nij:2. Alternatively, mod i float ic-ns can be directed, such 
as by site-direcied mutagenesis C'f a nucleic acid 
molecule enc'oain'^ SEQ i :) SO: 2. 



10 Cc-mpucer prc-grams rinc'wn in the art can rirovide 

guidance in f^redicting which aminci acid residues can h^e 
modified wirhC'CC ab'jlishing the functi'jn of the 
pcd yp'Op t ide (see, fc^r exampJe, EroshKin et ai., Comp'Ut . 
Appl . 3 iosc i . ? : 4 :^ 1 - 4 7 (1 9 9 J ) ) . 



15 Addi t i 'jna 1 1 y , guidance in modifying amino acid 

residues of 3E(j ID K0:2 while retaining function can t-e 
prt'Vided by s t r uct u re- f uncti on studies of cither G-protein 
C'jupled recer't'jrs. Fc^r example, small ligands generally 
make contact with residues in several t ransmemk'rane 

20 helices and miay also ma^.e contact with residues in the 
extracellular dc-main {Flower, 3ic>chimica et Bi'Ophys i ca 
Acta 1422 : 2C7-2 2'.4 (1999)). Accordingly, mc-d i f 1 ca t i c^ns of 
residues in the 1 igand binding pocket of the polypeptide 
having the amino aci'ii sequence designatO'l SEQ ID NO : 2 are 

25 preoicted to be less well tolerated than mc-dif icatic-ns to 
o>tner parts of the receptor. 

Based t'n studies of cither G-protein coupled 
recep'tors, G-p'rc-teins generally m^ake cc^ntact with the 
second intracellular Itic^p and with the N and C segments 
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of the third intracellular loop' of the rereptor (Wess, 
Pharmacol . Ther . 80:231-264 (1993)). Accordingly, 
mc'dif Lca t ions of residues within the effei-tc-r tanding 
regi'jns of the piol yp-ept i de having the aminC' acid sequence 
5 designated SEQ ID !\10:2 are p)redicted to oe less well 
t'jlerated than modif icatic^ns *zo other parzs of the 
recef) tor . 

Furr herrri'jre , guidance in m-jcifying amino acid 
residues of SEQ ID M'J:2 wnile retaining functi'jn can be 
P'TC'Video by C'l'mp^ar i s jn of SEQ ID N0:2 with the sequence 
C'f its miammalian hc^mt' 1 ogs , such as homoic^gs in non-numan 
P'rimates, mc-use, rat, rabt'it, fc-ovine, p'orcine, ovine, 
canine or feline sp^e^ries. Iz is well knc^wn in tne art 
tnat evc'lut ic'na r i ly cc^nserved amino atid residues and 
o-jmains are mt-re liKely zo be imp'C>rtant fc^r maintaining 
bit'l'Ogical activity than less wel 1 -C'jnse r vea residues and 
oc'mains. Thus, it w^juld bo exp.ected that substituting a 
residue that is nighly cc-nserved amc-ng ACiE'-g 1 ucose 
recep'tors acrC'SS sp'Ocies with a non-ct'nserved residue may 
bo deleterious, whereas making the same substitution at a 
residue whicn varies widely amono sp^ecies wc-ula likely 
nc't have a significant effect on biological activity. 
Meth'Ods of. identifying h':>molcigs of SEQ ID K0:2 in Citner 
sp'Ocies are de •^■''^ r i bed further below. 

25 Subs t i tut i c^ns to the amiino acid sequence 

designated SEQ ID ICO: 2 can either be cc>nse rvat i ve or nc)n- 
cc^nservati ve . Cc^nse rva t i ve amin-j acid subst i tuti jns 
include, but are n-:>t limited tc>, sur^s titut i^on -jf an 
ap'Olar amine- acid with another ap'C'lar amine- acid (such as 

30 replacement of leucine with an iscdeucine, valine, 
alanine, proline, tryptop-han, phenylalanine cr 
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15 



20 
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methionine) ; substitution of a charged amino acid with a 
similarly charged amino acid (such as replacement of a 
glutamic acid with an aspartic acid, or replacement of an 
arginine with a lysine or nistidme) ; substitution of an 
5 uncharged polar ammo acid with another uncnarged polar 
amino acid (such as replacement of a serine with a 
glycine, threonine, tyrosine, cysteine, asparagine or 
glutamine) ; or substitution of a residue with a different 
functional group with a residue of similar size and shape 
10 (such as replacement of a serine with an alanine; an 
arginine witn a methionine; or a tyrosine with a 
phenylalanine) . 



Additions to the amino acid sequence designated 
SEQ ID NO: 2 include, but are not limited to, the addition 

15 of ''tag" sequences at the N or C termini, or within 

extracellular or intracellular loops. Such tag sequence 
include, for example, epitope tags, histidme tags, 
glutathione-S-transf erase (GST), and the like, or sorting 
sequences. Such additional sequences can be used, for 

20 example, to facilitate expression, purification or 

characterization of a recombinant ADP-glucose receptor. 

In applications in which it is desired to 
ensure a 1:1 stoichiomet r y of receptor and G-protein, 
ADP-glucose receptor can be fused directly to a Ga 

25 subunit. Such fusion polypeptides can be produced from 
chimeric nucleic acid molecules that contain sequences 
encoding ADP-glucose receptor at the 5^ end, linked 
directly to sequences encoding the desired Ga subunit. 
G-protein coupled receptor-Ga subunit fusion constructs 

30 and their applications are reviewed, for example, in 
Milligan, Trends Pharmacol. Sci . 21:24-28 (2000). 
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,.l„Uons to the a..no acid sequence des.^nated 
SE.-,U..K.:.\:cIoae, .ut ate not U.tteato. deletion 

SEy iu LJ- ^ r- termini that are 

residues at the extranembranal - or o 

resiaue.. ^ p^ip-Pd s^qu-nces can 

.t- ^riMr-al for function. Deleted s.q - 
::.;„:;;; .e tep.acea ta. se..ence= ot t.s.on 
sequences, as described previously. 

rhe„.cai and enzymatic .odif rcations to the 

.ainino the amino acid sequence designated 
polypeptioe contarning following: 
oFO ID N0:2 include but ate not limited 
SLU iu .jw.- -.r-vl or ammo 

. hvdroaen by an alkyl, acyi, 
.eplacement h d . V ^^^^^^^^^ ^^^^^^ ^.^^^^ ^ 

group; esterification . , , hvdtoxyl group to 

au:yl or aryl moiety; alRylatioh of a hydro y 

an ether privative; Phosphorylation oi 
,,p,o3phorylation of a serine, threonine o. tyro 
3 residue; or - or O-linked glyoosy lat ion . 

..e invention provides an ^^'^^^'^ 

.olecule encoding an ^^^-^^^^^^Z: Z... of 
nucleic acid molecules are suitatle 
3cieening, therapeutic and — ^ ^ I 

=° ----'r;::r: r :rifrc;!rsi,::iing systems, 

f.-,r-ris^= An invention nuciei-. 
agonists and antayonis.^. . . ,,3 r-store ADP- 

r'";:!erj:r: aLo'rmauy 

- glucose receptor ^ ^ „„„ in an 

expression of the receptor, or e P ^^^^^^^^ 
antisense configuration to in t A ^ 
function in cells with abnormally high - P 



recep'tor . 

30 
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Additionally, the invention nuoleio aoid 
molecules can fc'e used as probes or primers to identify 
and isC'late ADP-qlucose reoeptc-r homolcgs fri^m other 
sp^ecies, or to identify structurally related receptors, 
5 using methods known in the art and described further 
bel-ow. Sucin pir-jbes and p'rimers are also useful 
di agnos t leal Ly lo determine nc>rmal and aiiincirmal 
expression of A[i?-gLucose recef'tc-r in human tissues, and 
thus to predict susceptibility tc- AiDP-glUiiicise receptor 
10 as S'i'Ci a teii conai t ions . 



As used herein, tne terms ''C'lmr^r ising, " 
''having, " ''encC'd i ng , " and ''cr.nt aining, " and derivatives 
c>f these terms, are intended tci be 'jpen-ended. The term 
'tsc'nsi s t ing"' is intended "zo be cl c-sed-ended . 

15 As used herein, the term "isiiated nucleic acid 

mcdecule" is intenaed tc> mean that tne nucleic acid 
mc'lecuie is aiterea, >oy tne hand C'f man, fr:'m how it is 
fc'und in its naturai environment. For example, an 
isolated nucleic acid molecule can r^e a molecule 

20 opieratively linked to an exogenous nucleic acid seguence. 
An isolated nucleic acid mi'jlecule can also be a molecule 
remc'ved from sc^mie c^r all of its nc^rmal flanking nucleic 
acid sequences . 

An isc'lated molecule can alternatively, or 
25 addi tic'nally , t-e a "substantially pure" molecule, in that 
the molecule is at least 60?, 101, '^0%, 90 or 951 free 
fromi cellular components with which it is naturally 
associated. An isolated nucleic acid molecule can be in 
any form, such as in a buffered scduti-on, a suspension, a 
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lyophilized powder, attached to a solid sup^pc^rt (e.g. as 
a C'Omponent c>f a DNA array), or m a cell. 

As used herein, zhe term "nucleic acid 
mcilecule" refers tC' a poLynuclec'tide of natural c^r 
5 synthetic 'jrigin, which can be single- or dC'Uble- 

slranded, can cC'rresp'jnd tC) genomic L'NA, cC'NA or rl\[A, and 

can repiresent either the sense c-r antisense strand or 
both. 

The term ''nucleic acid molecule" is intended to 
10 include nucleic acid mcdecules that contain one or more 
nc-n-n^tural nucleC't ides , such as nuclec'tides having 
m<jdi f ications tC' the lipase, the sugar, c-r tne phijsp'hate 
portion^ or having <jne or more non-natural linkages, such 
as t'h-i'Sphot: h ioa t e l in'<ages. Such mc'dl f i c 3 1 i 'jns can be 
15 advantagec'us m increasing the stability of the nucleic 
acia mo lecule, r-a r t i cul a r ly when used in hybridi zat i'jn 
ar'pl icat i'jns . 

Furthermc're , the term ''nucleic acid molecule'" 
is intended to include nucleic acid molecules modified to 

20 cC'Utain a detectakde mciiety, such as a radiolat^el, a 

f iuorochrome , a f r cumagne tic substance, a luminescent 
tag or a detectable binding agent sucn as biotin. 
Xucleic acid molecules cc-ntaining sucn moieties are 
useful as probes for detecting the presence or expression 

25 of an ADP-glucose receri't'jr nucleic asi-:l molecule. 

An is:)lated nucleic acid mc)lecule encoding an 
AtP-^luzjse reseptor sr^eci f i ca 1 1 y excludes nucleic acid 
m'jlecules having the exact sequence of human genomic 
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fragments whose sequences are compiled m publically 
available databases, such as GenBank Accession Mo. 
AC024886 or other portions of human chromosome 3. 
In one embodiment, an isolated nucleic acid molecule 
5 encoding an ADP-glucose receptor does not contain 

nucleotide sequences normally present on human chromosome 
3 which encode polypeptides other than ADP-glucose 
receptor . 

An isolated nucleic acid molecule encoding an 
10 ADP-glucose receptor polypeptide can contain a nucleotide 
sequence having at least 70% identity to the nucleotide 
sequence designated SEQ ID 110:1. Preferably, such a 
molecule will have at least 75% laentity, including at 
least 80%, 85%, 90%, 95%, 98%, 99% or greater identity to 
15 SEQ ID tlO: 1 . 

Alternatively, the isolated nucleic acid 
molecule encoding an ADP-glucose receptor polypeptide 
contains a nucleotide sequence which encodes a 
polypeptide having at least 70% identity to the ammo 
20 acid sequence designated SEQ ID N0:2. Preferably, the 
encoded polypeptide will have at least 75% identity, 
including at least 80%, 85%, 90%, 95%, 98%, 99% or 
greater identity to SEQ ID N0:2. 

The term "percent identity" with respect to a 
25 nucleic acid molecule or polypeptide of the invention is 
intended to refer to the number of identical nucleotide 
or amino acid residues between the aligned portions of 
two sequences, expressed as a percent of the total number 
of aligned residues, as determined by comparing the 
30 entire sequences using a BLAST 2.0 computer alignment and 
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default parameters. BLAST 2.0 alignments can be 
performed as described by Tatusova et al., FFMS Microbiol 
Lett , 174:247-250 (1999) . 

In one embodiment, the isolated nucleic acid 
5 molecule encoding an ADP-glucose receptor contains, or 

consists of, a) the nucleotide sequence designated SEQ ID 
N0:1; b) the portion of the nucleotide sequence 

designated SEQ ID N0:1 that encodes SEQ ID N0:2; or c) a 
sequence that is degenerate with respect to ei*:her a) or 
10 b) . 

The invention further provides an isolated 
nucleic acid molecule encoding an ADP-glucose receptor 
polypeptide, wherein the nucleic acid molecule is 
operatively linked to a promoter of gene expression. As 

15 used herein, the term "operatively linked" is intended to 
mean that the nucleic acid molecule is positioned with 
respect to either the endogenous promoter, or a 
heterologous promoter, in such a manner that the promoter 
will direct the transcription of RNA using the nucleic 

20 acid molecule as a template. 

Methods for operatively linking a nucleic acid 
^ hetercilogous promoter are well known in the art and 
include, for example, cloning the nucleic acid into a 
vector containing the desired promoter, or appending the 
25 promoter to a nucleic acid sequence using ?CR. A nucleic 
acid molecule operatively linked to a promoter of RNA 
transcription can be used to express ADP-glucose receptor 
transcripts and polypeptides in a desired host cell or in 
vitro transcription-translation system. 
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The choice of p-r-cmoter to -jp'era t i vely link to 
an inventi'jn nucleic acia molecule will depend on the 
intended applicat ica, ana can fce determined by those 
skilled in the art. For example, if a particular gene 
5 product may be detrimental zo a particular host cell, it 
may be desirable to link the inventi-jn nucleic acid 
mc'lecule to a regulated prc-moter, such that gene 
exx' res s i C'n can be turned on or ott. Alternatively, it 
may r'e crreferred zo have exp^ression oriven r-y either a 

10 weaK or: strong cc-ns ti cut i ve pirc^moter . Exemplary 

prc'moters suitable for mamLrr.alian cell systems include, 
for examcde, the SV40 early cirC'mc.ter , the cyt c^mega lovi rus 
(CKV) prtomc'ter, the mc'use mammary tumc-r virus (MMTV) 
St er<:'id-i nauc ib 1 e prom-oter, and the M'ol'Oney murine 

15 leukemia virus (KMLV) prc^mc't e r . 

The invention further p^r-jvides a vect'jr 
cc'ntaining an is'idated nucleic acid mc'lecule encoding an 
ACip-gl ucose recec-tor . Exempi 1 a r y vectc-rs i ncl ude vectors 
derived frc^m a virus, such as a bac teric-phage, a 

20 baculcivirus or a retrovirus, and vectc-rs derived from 
bacteria or a ccimbina t ion of bacterial sequences and 
sequences fr-jm 'jther <jrganisms, such as a cosmid or a 
pdasmid. The vectc-rs of tne invention will generally 
cc'ntain elements such as an origin of replicati'cn 

25 compatible with the intended host cells; one or more 
selectable markers compatik'le with the intended host 
cells; and one or more multiple cloning sites. The 
choice of particular elements to include in a vector will 
dep'Ond on factors such as the int:ended host cells; the 

30 insert size; whether expression C'f tne inserted sequence 
is desired; the desired cop^y numh^er of the vector; the 
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desired selectic-n system, and the like. The factc^rs 
involved in ensuring compatibility between a host cell 
and a vector for diff-^rent applications are well knc^wn in 
the art. 

5 In ap'plica t i'jns in which the vectors are to be 

used for recC'mbinant expression of the enc'^ded 
fMjl ypieptide , the isc^lated nucleic acid molecules will 
generally be op-eratively linked to a prc^moter C'f gene 
exp'ression, as descritied above, whicn may ke p^resent in 
10 the vector or in tne inserted nucleic acid mcilecule. An 
exemrilary exp^ression vectc^r is tne pCJNAB.l vertor 
(Invitrogen) descritiea in the Examp-Ie. For certain 
arjf' 1 icat ions , hc-wever, prc-mc'ter elements need nc't be 
P' resent , 

15 AlsC' p>rc)vide':i are cells containing an isc'lated 

nucleic acid mcdecule enc'i-ding an AH^P-g 1 ucc-se recep'tor. 
The is'jlated nucleic acid m-olecule will generally be 
ce-ntained within a vect-cr. The isolateo nucleic acid 
mc'iecule can be maintained ep-isomally, or incorporated 

20 into the host cell genome. 

The cells of the inventicTi can be used, for 
example, for nic-lecular biology applications such as 
expiansion, subcloning or modification of the iS'Olated 
nucleic acid molecule. For such ap^p 1 ic 5i t i c^ns , bacterial 
25 cells, such as laborat'jry strains of E. coli, are useful, 
and expiression cif the encc^ded polypeptide is not 
required . 



The cells jf the invention can also 
advantageously be used to exp'ress the encoded p-olyp'opt ide 
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to screen for ligands, agc-nists and antagc^nists cif ADP- 
gluc'jse recept'jr, or to purify the enccnded p-cilyp-ept ide . 
For such app'licatiC'ns k^acterial cells, insect cells (e.g. 
OvDsophila) , yeast cells (e.g. S, cerevisiaOf 5. pombe, 
5 or Pichia pastoris) ^ and vertebrate cells (e.g. mammalian 
primary cells and established cell lines; and ampihibian 
cells, such as XenC'pus embryC'S and oc'cytes), are useful, 
as well as crude or substantially puriEiea cell membrane 
extracts fr<jm these cells. Exemplary cells C'f the 
10 invent ic'n useful f c^r screening assays are CMC' cells 

transiently transfectea with pCDXA^ . 1 vectC'r ccTitaining 
the nu::leotide sequence designated SET) ij KO:l, as 
describee in tne Example, belC'W. 

Fcir ap)pl i ca t i 'jns in which G-r' rC'te i n occupied 
15 signaling through the reiser-tc-r is assessed, the cells of 
the invention can furtner recC'mir'i nan 1 1 y exr^ress, either 
stably or transiently, C'ne or mc-re naturally 'jccurring or 
chimeric Ga subunits that cc-uple to the exr^ressed ADP- 
glucc'se receptor fiolypec) t ide . As described previously, 
20 to ensure 1:1 s ted ch iomie t ry C'f the receptor and its 
coupled G-protein, in such af'pl i cat i':>ns it may be 
desirable to reco>mbinantly express the Ga subunit as a 
fusi'i'n polyr-epit ide with the ALip-glucose receu'tor 
polyr^eptide . 

25 As used herein, the term "recombinant 

expression" refers to transient or stable exp'ression of a 
p-'jlyp'opt ide frc'm a recc^mb i n ant nucleic acid mo»lecule. 
Reccimbinant expression is advantageous in pjroviding a 
higher level of expressic^n 'I'f the polyper-tide than is 

30 found endogeno'usly , and als^:* allc^ws exp'ressic-n in cells 
or systems in which the pC'lyp^ept ide is not normally 
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found. Exempdary cells of the invention that 
rec'jmbinantly express Ga subunits are CHO cells 
transiently cotrans f ected with a pCDNAS.l vector 
containing the nucleotide sequence designated SEQ ID N0:1 
5 and expression constructs encoding either or both of Gal6 
and Gaqi3, as described m the Example, below. 

The term "recombinant nucleic acid molecule" is 
inrended to refer to a nucleic acid molecule that has 

10 been constructed, at least in part, by molecular 

biological methods, such as PGR, restriction digestion or 
ligation. A recombinant nucleic acid expression 
construct generally will contain a constitutive or 
inducible pr^jmoter of PNA transcription appropriate for 

15 the host cell or transcription-translation system, 

operatively linked to a nucleotide sequence that encodes 
the polypeptide of inoerest . The expression construct 
can be D1:A or R[JA, and optionally can be contained in a 
vector, such as a plasmid or viral vector. As described 

20 above, the nucleotide sequences of Ga subunits and 

methods of recombinant ly expressing such subunits in a 
variety of cell types are well known in the art. 

The cells of the invention can further 
recombinantly express, either stably or transiently, one 

25 cr miore pr om.ote r-report er constructs in which expression 
of a reporter protein is induced in response to a G- 
protein coupled signal. Promoters responsive to G- 
protein coupled signals, and nucleotide sequences 
encoding reporter proteins (e.g. p-lactamase, luciferase, 

30 green fluorescent protein and p-ga lactosidase ) , are well 
known in the art, as are methods for constructing and 
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expressing promoter-reporter constructs in a variety of 
cell types. 

The cells of the invention can alsc^ contain one 
or more calcium indicatc^rs. Calcium indicators and their 
5 uses are well known in zhe art, and include compounds 
such as FLUO-3 AM, FLUO-4 AM, FURA-2, INDO-1, FURA RED, 
CALCIUM GREEN, CALCIUM ORANGE, CALCIUM CRIMSON, BTC, 
OREGON GREEN BAPTA, which are available commercially 
(e.g. Molecular Probes, Inc.), and described, for 
10 example, in U.S. Patent Nos . 5,453,517, 5,501,930 and 
4,849, 362. An exemplary calcium ini.licator useful in 
detecting G-protein coupled signaling through the ADP- 
glucose receptor is FLUO-4 AM, as described in Example I, 
t.elow . 



15 The invention further provides isolated 

polynucleotides that contain at least 20 contiguous 
nucleotides from the nucleotide sequence designated SEQ 
ID N0:1, or from the complement thereof. The 
polynucleotides of the invention are thus of sufficient 

20 length to be useful as sequencing primers, PGR primers 
and hybridization probes, and are also useful as 
therapeutic antisense reagents tc- inhibit ADP-glucose 
receptor expression. Optionally, the polynucleotides of 
the invention can also encode polypeptides having ADP- 

25 glucose receptor signaling activity, or peptides 

therefrom. Those skilled in the art can determine the 
appropriate length and sequence of a polynucleotide of 
the invention for a particular ap-plica t ion . 

As used herein, the term ''polynucleotide" 
30 refers to a nucleic acid molecule that contains at least 
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20 contiguous nucleotides frc-m the reference sequence and 
whicn may, but need not, enc-jde a functic^nal protein. 
Thus, a p'ol ynutrlec't ide C'f the invention can contain at 
least 20, 22 or 2 5 c-jntiguous nucleotides, such as at 
5 least, or not more than, 30, 40, :)0, 60, 70, : 0, 90 , 100, 
125, 150, 175, 200, 250, 300, 400, 500, 750, 1000 
C'jnt igu'i'us nuolec'tides from SEij 11* h'0:l or frcm its 
C'jmplement. A pic^l ynucleot ide of the invention does nc^t 
C'jnsist c>f the exact 3eoj:.onco of an EST r^resent in 
10 puhdii^ally availatiie databases, .Including the sequences 
designated by GenBank Accession Uos , AI8i9007 (human); 
AA274 I12 (mouse); AA4 47 306 (human); AW04 59::0 (mouse); 
AW 97 62 0 4 ( huma n ) ; 2 3 1 4 1 2 ( huma n ) . 

FC'r certain at'pl ica: i ons , such as for detecting 

15 A jE'-glU'.-M'se recep^tC'r exTjression m a samp^l*^-, it is 

desirable t-:- use isoliited f>o lynui.:le'jt ide mcdecuLes of the 
Lnventic-n that sr:'ec i f ica 1 ly hyloridize to a nu^^leic acid 
mcdecule encoding an ADr-g.lucose re'::e|jt : r . The term 
"specifically hyh^ridize" refers to the ability of a 

20 nucleic acid molecule to hybridize, under stringent 

hyb r idi zat i'^n conditions as described below, to a nucleic 
acid molecule that enc'jaes ADE'-glucose receptor, without 
hybridizing t-T) a substantial extent under~ the same 
cc-nditic'ns with nucleic acid molecules that do not encode 

25 ADP-glucc>se receptc^r, such as unrelated molecules that 
f c-r tu i tousiy contain sh'jrt regions of i:ientity with an 
Atp-glucc)se recep»tC'r sequence. Thus, a nucleic acid 
m-jlecule that ''specifically hybridizes" is of a 
sufficient length and cc^ntains sufficient distinguishing 

30 sequence from an Af>P-glucose recept-Dt: to be 

cna ra zteristic of the ADP-gluzose receptjr. Such a 
modecule will generally hyl:)ridize, under stringent 
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conditic'ns^ as a single band of about 2500 nucleotides on 
a Nc>rthern blot prepared fr-jm mRNA of human tissues (see 
Fii^ure 3 A") . 

As used herein, the term "strin(gent conditions" 
5 refers to conditic-ns equivalent zo hybridization of a 

filter-bound nucleiir acid mcdecule to a nucleic acid in a 
sc>lution containing 501 formamide, 5X Denharr's solution, 
5X SSC, 0.2 1 SE'S at 42 X, fcdlowed by v;ashrng the filter 
in O.IX 33C and O.I 5 S5'3 at 65 'C twice for 30 minutes. 
10 Equivalent conditic^ns tC' the stringent cc^ndi t i'lns set 

forth aciove are well knc-wn in the art, and are described, 
f'Or exampde in Samhirc-ok et al . , M'jlecular 'rioning: A 
Laoc'rat'jry Manual , Cold Spring Harbor Laboratc>ry, New 
Yor< ( 19 92 ) . 

15 I'ne polynuclec'tides of the invent ic-n can, but 

need not, encode AD?-':| 1 ucose recept'jr p^o 1 ypep' t i des . 
Tnus, the inventicin r-ol ynucleotides can c^Dntain sequences 
from the 5' or 3' untranslated region of the nucleotide 
sequence designated SE^j II' N0):1, or contain coding 

20 sequences, or any combination thereof. The inventitin 

polynucleotides can be derived from either the sense or 
antisense strand of 3E'j ID N0:1, or both. 



The po lynucle'jt ides of the inventi'tn can also 
advantageously be used to direct the incc' rpc^ ra t i on of 

25 amino acid additions, deletic-ns or substitutions into a 

reccimbinan t ly exp^ressed ADP- glucose recec'tor po lypept ide , 
or the addition C'f rest r let ic-n sites intc- SEQ ID N0:1. 
In such apfil ica t icins , it will be underst'Ood that the 
invention polynucleotiaes can contain nucleotide 

30 modifications with respest to SEQ id NC):1, so Img as it 
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contains at least 20 contiguous residues from the 
reference sequence. 



Exemplary polynucleotides of the invention are 
polynucleotides that contain a nucleotide sequence 
comprising nucleotides 1-20, 1-100, 101-120, 101-200, 
201-220, 201-300, 301-320, 301-400, 401-420, 401-500, 
501-520, 501-600, 601-620, 601-700, 701-720, 701-800, 
801-320, 801-900, 901-920, 901-1000, 1001-1020, 1001- 
1100, 1101-1120 or 1100-1143 of SEQ ID NO : 1 or of its 
complementary sequence. 

The invention further provxdes a kit containing 
a pair of polynucleotides of the invention packaged 
togetner, either in a single container or separate 
containers. The pair of polynucleotides are preferably 
suitable for use in polym.erase chain reaction (PCP) 
applications. Thus, the pair of polynucleotides can be 
used to detect or quantitate normal or abnormal 
expression of a nucleic acid molecule encoding an ADP- 
glucose receptor. The pair of polynucleotides can also 
be used to amplify a nucleic acid molecule encoding an 
ADP-glucose receptor, or any portion thereof, for 
sequencing, subcloning or for preparing modifications. 
The kit can further contain written instructions for use 
of the pair of polynucleotides m PGR applications, or 
solutions and buffers suitable for such applications. 

In a preferred embodiment, the kit contains a 
polynucleotide containing a contiguous nucleotide 
sequence from the 5' untranslated region of SEQ ID N0:1, 
or its complement, and a polynucleotide containing a 
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contiguous sequence from the 3' untranslated region of 
SEQ ID riO:l, or its complement, such that a nucleic acid 
molecule encoding a full-length ADP-glucose receptor can 
be amplified. An exemplary polynucleotide pair of tne 
5 invention consists of SEQ IC TJOS : 5 and 6, as described in 
the example. 

Isolated nucleic acid molecules which encode 
ADP-glU'.::ose receptor polypeptides, as well as the 
isolated polynucleotides described aoove, will be 

10 subsequently referred as '^ADP-glucose receptor nucleic 
acid molecules." The isolated AD?-glucose receptor 
nucleic acid molecules of the invention can be prepared 
by methods known in the art. The method chosen will 
depend on factors such as the type and size of nucleic 

15 acid molecule one intends to isolate; whether or not it 
encodes a biologically active polypeptide (e.g. a 
polypeptide having ADP-glucose receptor activity or 
immunogenicity) ; and the source of the nucleic acid 
molecule . 

20 An exemplary method for preparing an isolated 

ADP-glucose receptor nucleic acid molecule involves 
amplification of the nucleic acid molecule using ADP- 
glucose receptor-specific primers and the polymerase 
chain reaction (PCP) . Using PGR, an ADP-glucose receptor 

25 nucleic acid molecule having any desired boundaries can 
be amplified exponentially starting from only a few DNA 
or RNA molecules, such as from a single cell of a species 
containing an ADP-glucose receptor gene. Suitable ADP- 
glucose receptor-specific primers can contain sequences 

30 derived from: SEQ I^' N0:1, or from sequences degenerate 
thereto. PCR methods, including methods of isolating 
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homologs of a given nucleic acid mc-lecule in another 
species using degenerate primers, are well known in the 
art. 



Alternatively, an isolated ADP-glucc-se nucleic 
5 acid molecule can be prepared by screening a library, 
such as a genc^mic library, cH'NA library or expression 
library, wirn a detectable AO?-gluccise receptc^r nucleic 
acid mcdecule c^r antibc'dy. Human iibraries, and 
lir^raries frc^m a large variety cif mammaiian sr^ecies, are 
10 cc-mmercial ly avai iacle C'r can t^e pr c)duced £ rc^m species c^r 
cells Cif interest. The library cl'Ones identified as 
c n t a i n i n g A C' ? - g 1 u c c- s e r e c e p t or nuclei c a c i d itlo L e c u 1 e s 
can be isolated, subclc^ned c^r sequenced by r-jutine 
met hc'ds . 

15 Furthermore, an isc- laced AOP-glucjse nucleic 

acid mc'lecule can be prep)ared t^y direct synthetic 
methods. For examp^le, a single stranded nucleic acid 
mc'lecule can l:)e chemically synthesized in one ciiece, or 
in several p-ieces, t^y automated synthesis methcids known 

20 in the art. The complementary strand can likewise be 

synthesized in one or more ciieces, and a dC'uble-st randed 
molecule made by annealing the comp lemen 1 5i r y strands. 
Direct synthesis is particularly advantageous for 
P'rciducing relatively short mc'lecules, such as probes and 

25 p'rimers, and also f'Or producing nucleic acid molecules 
containing mc^di f ied nuc 1 eot ides or linkages . 

The invention als'j pirovides an isolateci ADP- 
glucjse recep'tor p-:- 1 yp»ep' t i de . The inventic-n pol ypiep^t ides 
are useful f-:*r a variety of applications, sush as to 
30 identify ADP-glucc>se recep'tor ligands, agonists and 
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antagonists, or as negative controls to confirm the 
specificity of known or presumptive ligands, agonists and 
antagonists of other G-protein coupled receptors. For 
such applications, the invention polypeptides are 
preferably contained within a composition containing a 
ceil or artificial membrane, and components such as ADP- 
glucose or a G-protein. Tne invention polypeptides can 
also advantageously be used to prepare antibodies, which 
can be administered therapeutically as ADP-glucose 
receptor antagonists, or used as diagnostic reagents. 



As used herein with respect to polypeptides and 
peptides, the term ^^isolated" indicates that the molecule 
is altered by the hand of m.an from how it is found in its 
natural environment. For example, an isolated ADP- 

15 glucose receptor polypeptide can be a m.olecule that is 

expressed from a recombinant nucleic acid m.olecule, such 
that it is present ar a higher level than is normally 
found in a particular cell, or is present in a cell of a 
different type or species. Alternatively or 

20 additionally, an "isolated" ADP-glucose receptor 

polypeptide or peptide can be a "substantially purified" 
molecule, that is at least 60%, 70%, 80%, 90 or 95% free 
from cellular components with which it is naturally 
associated. An isolated polypeptide or peptide can be in 

25 any form, such as ^n a buffered solution, a suspension, a 
lyophilized powder, attached to a solid support, or in a 
cell membrane or artificial membrane (e.g. a liposome). 

An isolated ADP-glucose receptor polypeptide 
can have at least 70% identity to the amino acid sequence 
30 designated SEQ ID N0:2. Preferably, the encoded 

polypeptide will have at least 75% identity, including at 
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least 80fe, 85%, 90%, 95%, 98^, 99% or greater identity to 
sem id rJ0:2. 

Aisc' provided is an isolated immunogenic 
peptide having an amino acid sequence derived from SEQ ID 
5 NO: 2. Such isolated immunogenic p^epcides are useful, for 
examp'le, in preparing and p^urifying ADP-glucose receptor 
antih'ocies. The isolated immunC'igenic peptides c-f the 
invention ■::an further be able zc- bind AL>P-g 1 ucc-se , or to 
C'juple tC' G-p>roteins. Such immunc^genic pep'i ides can thus 

10 be used in assays to iS'jIate Al'r-glucose recert'Or 
ligands, agonists or an::agc'nist s , by the metnC'ds 
des cr i oea her e i n . Add i t ic^nal ly , such immunogen i c 
pep'tides can act as an t ag-i^n i s t s to block signaling 
through the ADP-glucose recept'i'T, oy cc-mpeting with ACiP- 

15 giucose for binding to a ligand handing site, or by 

cc^mpeting with a (2-procein t-j h-ind to an effect'Or binding 
site. 

The term "immunc-genic , " as used herein, refers 
tC' a peptide that eitner is capable of inducing ADP- 

20 glucc'se receptor-specific ant ibc'dies , or capable of 

C'l'mpiC t ing with AL'P-gluC'jse recept ci r-speci f ic an t i bc-dies 
f'jr binding to an ADP-glucC'Se receptor. Peptides that 
are ii'^ely tC' be immunc-gen i c can be predicted using 
meth'Ods and algc^rithms kn-own in the art ana described, 

25 tor exampde, oy Irnaten et a I., Protein Eng . 11:94 9-955 
(1 993), and Savoie et al., Pac. Symp. 3ioccimput . 
1 999 : 1 52- 1 9 (1 999). The immunogen ici t y ot the pep'tides 
c>f the invention can be confirmed by methods kn^jwn in the 
art, such as by cielayed-type hypersensitivity respc^nse 

30 assays in an animal sensitized to an ADP-glucs-se receptor 
polypeptide, or by direct or cc^mpiet i ti ve ELISA assays. 
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An isolated immunogenic ADP-glucdse receptor 
peptide can contain, or consist of, at least 10 
contiguous residues from the amino acid sequence 
designated SEQ ID U0:2. Thus, an isolated immunogenic 
5 ADP-glucose receptor peptide can contain at least 10, 

such as at least 12, 15, 20, 25 or more contiguous amino 
acids of SEQ ID MO: 2, including at least, or not more 
than, 30, 40, 50, 75, 100, 200, 300, 400 contiguous amino 
acids. Exemplary irmnunogenic ADP-glucose receptor 
10 peptides contain, or consist of, the amino acid sequence 
of amino acids 1-10, 1-50, 51-60, 51-100, 101-110, 101- 
150, 151-160, 151-200, 201-210, 201-250, 251-260, 251- 
300, 301-310 or 301-342 of SEQ ID N0:2. 

For the production of antibodies that recognize 
15 ADP-glucose receptor in its native configuration, such 
peptides will preferably contain or consist of all, or 
part of, an extracellular or intracellular domain of SEQ 
ID NO: 2. The extracellular domains of SEQ ID NO: 2 are N- 
terminal to the first transmembrane region underlined in 
20 Figure 1, and between the second and third, the fourth 

and fifth, and the sixth and seven transmembrane regions. 
The intracellular domains of SEQ ID MO: 2 are between the 
first and second, third and fourth and fifth and sixth, 
transmembrane regions underlined in Figure 1, and C- 
25 terminal to the seventh transmembrane region. 

Immunogenic peptides containing, or consisting of, all or 
part of a transmembrane region of SEQ ID MO: 2, as 
underlined in Figure 1, are also useful to raise 
antibodies for use in applications such as 
30 immunoblotting, where the ADP-glucose receptor need not 
be in its native configuration to be recognized. 
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Methods and compositions for recombinantly 
producing ADP-glucose receptor polypeptides, and peptides 
thereof having any desired boundaries, have been 
described above with respect to nucleic acid molecules, 
vectors and cells of the invention. 

Alternatively, ADP-glucose receptor 
polypeptides and peptides can be prepared oy biochemical 
procedures. As disclosed herein, ADP-glucose receptor 
polypeptide is widely expressed. Therefore, an isolated 
ADP-glucose receptor polypeptide can be substantially 
purified from mammalian tissues or cells which naturally 
express ADP-glucose receptor, or which recombinantly 
express ADP-glucose receptor, by biochemical procedures 
routinely used in the art, including m.embrane 
fractionation, chromatography, electrophoresis and ligand 
affinity methods. Additionally, an ADP-glucose receptor 
polypeptide can be substantial] y f^urified by 
immunoaf f inity methods known in the art, using the ADP- 
glucose receptor antibodies described herein. 

ADP-glucose receptor peptides can be produced 
by enzymatic or chemical cleavage of an ADP-glucose 
receptor polypeptide. Methods for enzymatic and chemical 
cleavage and for purification of the resultant peptide 
fragments are well known in the art (see, for example, 
Deutscher, Methods F,n zymoloav , Vol. 182, "Guide to 
Protein Purification," San Diego: Academic Press, Inc. 
(1990), which is incorporated herein by reference). 



Furtherm.ore, ADP-glucose receptor polypeptides 
and peptides can be produced by chemical synthesis 
methods known in the art. If desired, such as to 
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optimize their functional activity, selectivity, 
stability or bioavailability, such mo-lecules can be 
mC'dified to include E)-stereoisomers , nijn-naturally 
occurring amino acids, and ammo- acio analc^gs and 
5 mLimietics. Examtples of mo'dified am.ino acids and their 
uses are presented in Sawyer, Peptide B-ased Drug Design , 
ACS, Washingtcin (1995) and Gross and Meiennofer, The 
Peptides: Analysis, Synthesis, Biology , Academic E'ress, 
Inc., New York (1935), both of which are incorpc-ra ted 
10 herein by reference. For certain applications, it can 
also be useful to incorporate one or mc^re derectably 
labeled amino acids intC' a chemically synthesized 
pcdypeptide or peptide, such as radicdabeled or 
f luorescently lar-eled amino acids. 

15 The isolated fMjlypept ides and immunogenic 

peptides of the invention can optionally be conjugated to 
a carrier, such as F'LH, serum albumin, tetanus toxoid and 
the li}:e, using standard linking techniques, to enhance 
their immunogenici ty . Additic-nally or alternatively, the 

20 isc'lated polypeptides and immunogenic peptides can be 
formulated with an adjuvant known in the art, such as 
Freund's complete or incomplete adjuvant. 

For certain applications, such as to increase 
the stability or bioactivity of the molecule, or to 
25 facilitate its identification, an ADP-glucose receptor 

polypieptide or peptide can be chemically c^r enzymat ically 
derivatized, such as by acylation, phosphorylation or 
glycosylat ion . 

The invention also pr-ovides an antibody 
30 specific for an ADP-glucose receptor polypeptide, such as 
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an antibody specific for a polypeptide having the ammo 
acid sequence of SEQ I C) NO: 2. Also prc^vided is an 
antibody specific for an isc-latied immunogenic p-eptide 
that: contains at least 10 c-^nt iguc-us amine- acids of an 
5 extracellular region ot SEQ ID KG: 2. The antibodies of 
tne inventic-n can be used, for example, to detect c-r 
distinguish between normal and altered exp'ressicTi ot ADP- 
glucC'Se recep'tc-r p'Olyp-ep^tides in cells. Such antibc'dies 
are alS'j useful fc^r identifying nu'.^leic acid mc-lecules 

10 tnat encode ADP-glucose recep.tor p^c-lypept i des present in 
mammalian expressic^n libraries, and for purifying AjP- 
glucc'se recep>tC'r r-C'lyp^ep'tides oy immunoaf f inity methods. 
Fur thermc're, sucn antibodies can tie aaministered 
therapeutically as antagc^nists of the A oF'-gluC'tse 

15 receptjr. 

The term ''antibody," as used herein, is 
intended to include molecul-s having specific runding 
activity fc^r an ADP-glucose receptor of at least about 
1 V 10' >r"^, preferably at least 1 x 10 M"-, more 

20 preferably at least 1 x 10' M"^. The term ''antibody" 

includes both p'olyclonal an^i mtincicional antioodies, as 
well as antigen binding frag^ments of such antit-odies 
(e.g. E^ab, F(ab') , Fd and Vv fragments and the like). 
In addition, the term "antib<tdy" is intended to encompass 

25 non-natural ly c-ccurring an t it^Ddies , including, f-jr 

example, single chain antib<jdies, chimeric antibodies, 
bi f unct iona 1 ant ibodies , C JF.-graf ted antibodies and 
humanized antibodies, as well as antigen-binding 
f ra gments thereof . 

30 MethC'ds of preparing .and isolating antibodies, 

including polyclonal and monc-clonal antibodies, using 
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peptide and polypeptide immunogens, are well known m the 
art and are described, for example, in Harlow and Lane, 
Antibodies: A Laboratc^rv Manual , Cold Spring Harbor 
Laboratory Press (1988). Non-naturally occurring 
5 antibodies can be constructed using solid phase peptide 
synthesis, can be produced recombinant ly or can be 
obtained, for example, by screening combinatorial 
libraries consisting of variable heavy chains and 
variable light chains. Such methods are described, for 

10 example, m Huse et al. Science 246:1275-1281 (1989); 

Winter and Harris, Immunol. Today 14:243-246 (1993); Ward 
et al., Nature 341:544-546 (1989); Hilyard et al., 
Protein Engineering: A practic al approach (IRL Press 
1992); and Borrabeck, Antibody Engineering , 2d ed. 

15 (Oxford University Press 1995) . 

The invention also provides a method of 
identifying an ADP-glucose receptor agonist or 
antagonist. The method is practiced by contacting an 
ADP-glucose receptor polypeptide with one or more 

20 candidate compounds under conditions in which the ADP- 
glucose receptor produces a G-protein coupled signal in 
response to ADP-glucose, and identifying a candidate 
compound that alters production of the G-protein coupled 
signal. Such a compound is characterized as an ADP- 

25 glucose receptor agonist or antagonist. The agonists and 
antagonists identified by zhe methods of the invention 
are useful in therapeutic applications in which it is 
desirable to increase or decrease signaling through the 
ADP-glucose receptor . 



An example of the method is described in 
Example I, below, in which an ADP-glucose receptor 
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polypeptide, recombinant ly expressed in CHO cells 
coexpressing Gal6 and Gaqi3, was contacted separately 
with ADP-glucose, CDP-glucose, GDP-glucose, UDP-glucose, 
TDP-glucose, ADP-ribose, ADP-mannose , AMP, ADE , ATP, and 
5 adenosine, to determine the ability of each compound to 
alter production of a G-protein coupled signal (ie. 
increase intracellular Ca" concentration) . By this 
assay, ADP-ribose was determined to be a partial agonist 
of ADP-qlucose receptor (see Figure lA) . The 

10 antagonistic effect of a compound can likewise be 

determined under the same exemplary conditions, but with 
the candidate compound added prior to addition of ADP- 
glucose at about its EC-, concentration, and the effect of 
the candidate compound on inhibiting the agonist-induced 

15 increase in intracellular Ca-^ concentration determined. 

Anc'ther example of the method is describeo in 
Example II, below, in which guinea pig ileal tissue was 
contacted with ADP-glucose. A G-protein coupiea signal 
through the ADP-qlucose receptor in response to ADP- 

20 glucose can be evidenced either by inhibition of 

spontaneous contractions {Figure 5A) , inhibition of 
electrically-evoked contractions (Figure SB), or 
inhibition of hi stamine- induced contractions (Figure 5C) , 
without inhibition of muscarinic agonist-induced 

25 contractions. The effect of a candidate compound on 

ileal contractions can be determined by similar methods 
in order to determine whether the compound is an agonist 
or antagonist of the ADP-glucose receptor. 
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A further example of the method is described in 
Example III, below, in which rat arterial tissues were 
contacted with ADP-glucose. A G-protein coupled signal 
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through the ADP-glucose receptor in response to A[)P- 
glucose can be evidenced by inhibition of phenylephr ine- 
evoked contractions (Figure 6A) or inhibition of 
serc'to^nin-evoked cont ractic-ns (Figure 6E.). The effect of 
5 a candidate irompc^und on contraction of rat arterial 

tissues can be determined by similar methods in order to 
determine whether the compo'und is an agc>nist or 
antagonist of the ADP-glucC'se receptor. 

10 As used herein, the term ''alter production of a 

G-protein coupled signal" refers either to an increase in 
production of the G-protein coup'led signal aoove 
uns timula ted levels , or above AOP-glucose-stimulated 
levels; c-r to a decrease in proau:-:tion of the G-protein 

15 coupled signal below unstimulated levels or below ADP- 
g 1 u c C' s e - 3 1 i TlU 1 a t. e d 1 e v e 1 s . 

As used herein, the term "candidate compound" 
refers to any molecule that potentially acts as an ADP- 
gluC'Z'se receptor agonist, antag^jnist or ligand in the 

20 screening metho<:is disclosed herein. A candidate compound 
can h'e a naturally C'ccurring macromolecule , such as a 
polyr-ept ide , nucleic acid, carbohydrate, lipid, or any 
coinbinat i on thereof. A candidate compound also can be a 
partially or C'jmpletely synthetic derivative, analog or 

25 mimetic of such a macromolecu le , or a small organic 

mC'lecule prepared by combinatorial chemistry methods. If 
desired in a particular assay format, a candidate 
c-:»mpc'und can be detectably labeled or attached to a solid 
support . 

30 Methods for preparing large libraries of 

compounds, includin:; simple or complex organic molecules. 
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r„„tal-c.-.ntaining comfounda, carbohydrates, peptides, 
prot.rns, pept idomrme t r cs , glycoproteins, lipoproterns , 
nuaerc acids, antibodres, and the Irke, are well known 
in the art and are described, for example, rn Huse, U.S. 
patent HO. 5,:64,5f,3; Francis et al., Curr^^itdn^jaim. 
Bi,-l -•■a-?--A:S I1993)-- Tietze et al., ""rr. Bio J.. , 

;:;;;-37i dg^s,,- sotia, mi^ji^- 

^i^hler et al., Mai^JS^.^ 15:481-.96 ,1995,; and the 
U^-e Libraries containing large numbers of natural and 
syn^he.ic compounds also can be obtained from comirercial 



sourc>^s . 



^he nu-nber of different candidate compounds to 
t..t .n the methods of the invention will depend on the 
appU^^ation of the method. For example, one or a small 
,5 n,nb.-^ of candidate compounds can be advantageous in 
n^anual screening procedures, or when it is desired to 
compare efficacy among several predicted ligands, 
ag.nists or antagonists. However, it is generally 
understood that the larger the number of candidate 
20 compounds, the greater the livelihood of identifying a 
compound having the desired activity m a screening 
assay Additionally, large numbers of compounds can be 
processed in high-throughput automated screening assays. 
Thlr.fore, "one or more candidate compounds" can be, for 

n c on c: n ,^ ^ 1 0 0 o r 

25 exam.ple, 2 or more, such as t,, lU, i., ^- - - 

..ore different compounds, such as greater than about 10 , 
10' or 10 different compounds. 

AS used herein, the term "ADP-glucose receptor 

1 ,1= i-h^i- qpl'='Ctivelv activates 
3 ,^,sr" refers to a molecule that sei_cti y 

30 or increases normal signal transduction through the ADP- 

3lucose receptor. An agonist can act by any mechanism. 
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■ fh» receptor at the normal ADP-glucose 

as by b.nd.n, the tec p ^,^„„„,,„, 

hihdtn, stte, thereby .r.rC.t g A g 

rpreot-r signalxng. ^^^^ ^^^^ . . ^ 

ait, tor example, by pctentiatin, the brndtn 
a Uty ot .OP-,lucose, or by favorably alterrn. tne 

^^nr Th- methods of the 
conformatxon of the receptor . - 

.......on can , i r... :.onr3trc 

glucose receptor agonrst tha. act. 

mechanism. 

H herein the term - ADP-glucose receptor 
As used herein, '-i^- 
..t" refers to a compound that selectively 
antagonist refers transduction through 

-r riPcreas^s normal signai transaucL 
,„,,,rts or ,3n aot by any 

A:.P-glucos.= r.._ept_ ,oP-glucose 
antagonistrc mechanrsm. ^ 
, „ to ADP-gl. = o=e recepto - ^^,_,,,,„3e 

between ADP-,luc03e and rts ° ,,,„pie, 

reoeetor antagonist oan arso act indrreot /, 

, altering the natrve conformation of ADP 

by --^-ng or a t . ^ ^^^^^^^^ ^^^^^^^^^ 

,,,,„3e or rts CP- ^^^^^^^ ,,p.,,.cose 

,0 can ,,,„u,h any antagonistic 

receptor antagonist that aots tn 

mechanism. 

P,-,r therapeutic applications, an ADP-glucose 
.eceotor agonist preferably has an EC,, and an ArP- 
,lu:ose receptor antagonist ^-^-^l^-^ 

- "Ho:::er:^:epending on the 

preferably less than compound, an 

stability, selectivity and toxicity th 

t.r ;^aonist with a higner EC;,;, or 
ADP-glucose receptor agonist 

30 ADP-glucose receptor antagonist with a higher 
also be useful therapeutically- 
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As described above, the particular G-protein 
coupled siqnal to detect in the assay methods is a matter 
of convenience, and will depend on the components of the 
assay system. For example, ADP-glucose receptor can 
5 c^.uple to Gaq, Gai and G..16, but also can couple to a 
chimeric Ga protein containing the C-terminal 5 residues 
of G.-<q, Gai and Galb, with the remaining amino acids 
derived from any other Ga of interest. Therefore, any 
second messenger signal transduced by the particular G- 
10 protein coupled to the ADP-glucose receptor m the assay 
system can be directly or indirectly detected. 

Various assays and conditions suitable for 
identifying compounds that alter G protein coupled 
signaling are well known m the art, including high 
15 th--.ughput automated screening assays. Assays that 
.n.asure chanaes in intracellular Ca"', cAMP, membrane 
voltage and gene expression are reviewed, for example, m 
Gonzalez et al . , Cm >■ r Opin. .in Biotech. 9:624-631 
(1M98); Jayawickreme et al., Cnrr O pin. Biotech . 
20 8:629-634 (1997); and Coward et al.. Anal. Biochem . 

-700424-248 (1999). Other appropriate assays include 
measurement of extracellular acidification, which can be 
monitored with a microphysiometer (e.g. Coldwell et al . , 

-] 11 • ^ i^c\a-MC)^- flc*qQ)). In such assays, 
Rr. J. Pharmacol . 12/:lb^^b l/u^ [i.^.ii. 

.1 _ ^ ^ -^^4 ; wino-hin(=^r a compound 
25 appropriate conditions ror ueterm...x..M w P 

is a ADP-glucose receptor agonist or antagonist are 
.conditions m which ADP-glucose exhibits G-protein 
coupled signaling. The control assay can be performed 
before, after or simultaneously with the test assay. 

30 G-protein signaling assays can involve first 

contacting the tissue, cell, extract or artificial assay 



40 



system expressing ADP-glucc-se recep>tor with a detectable 
indicator. Calcium mdicatcirs, pH mdicatcirs, and metal 
i:'n indicatC'rs, and assays fc-r using these indicatc^rs to 
decect and measure selected signal c ransduct ic^n pathways, 
5 are described, for examp>le, in Haugland, Med ecu la r PrC'bes 
HandbC'C>k of Flu'jrescen t Probes and Research Chemicals , 
Sets 20-2 3 and 25 (1992-94) . Such assays can alsc' 
invcdve transducing ceils with a r^r c-moter- repc>rre r 
nucleic acid cc^nscruct such that expressic-n c-f a 
10 detectable r^rc-tein is cc-upleo to signaling through 
recerz't r . Suitable C'r c-mci *: e r - rer: ':■ r t e r sy s t ems have 
described above , and are well knc^wn in the art. 



Suitaole asssiy systems fc^r identifying 
C'i'mrMi.unds that: alter G-prc-tein cC'Upded signaling include 

15 cells or tissues tnat naturally exp-ress, c^r reC'jmbinant ly 
express, AE)P-giucose recer^tC'r, so Ic'ng as the Ailip-g^luccise 
receptc-r can cC'Uple tC' a CT-r^rotein and Lnouce a 
detectable signal in resr'onse tC' AE)p-g lucc'se and its 
agonists. C'ther suitah-le assay systems include crude or 

20 r^artially purified lysates or membrane extracts of such 
cells, and reconstituted artificial signaling systems. 
Artificial signaling systems can include, fc)r example, a 
natural or artificial lipid bilayer, such as a liposome, 
no maintain AEip-g luC'jse receptor m its natural 

25 cc-nf iguration, and cellular fractions or iscdated 

C'jmp>onents necessary for transducing and detecting the 
aesired G-prc^tein c-oupled signal. 



A variety of cell-basea assay systems have been 
developed that are suitatde for identifying comp'ounds 
30 that alter G p-rctem cC'Upded signaling, including 

t-acterial, yeast, Xenc'p^us, baculc-vi rus /insect cell and 
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mammalian cell systems, and are reviewed, for example, in 
Tate et al., Trends in Biotech . 14:426-430 (1996). An 
exemplary yeast system, in which yeast strains are 
engineered to resp-ond tc- agonist activation throuigh G- 
5 protein coupled receptois with inirreased expression of a 
Dheromone signaling pathway inducible FUSl-lacZ reporter 
gene, is described in Chambers et al., J. Biol . Chem. 
27S : 10767-10771 (2000), Expression of the reporter gene 
m this system is readily monitored by a colorimetric 
10 assay. A further exemplary yeast system, m which yeast 
cells are engineered to respond to agonist activation of 
G-orotein coupled recec>tors by histidine prototrophy, is 
described in P:lein et al., Nat. Biotech . 16:1334 -1337 
(1998) . 

15 An exemplary Xenopus system suitable for 

measuring G-protein coupled activation of Gaq, Gai and 
Gas is based on visually detectable pigment dispersion or 
aggregation in transfected X. laevis melanophores , as 
described in Marchese et al., Trends P narmacol Sci. 

20 20:370-375 (1999). An alternative Xenopus system detects 
rises in intracellular calciumv in response to agonist 
stimulation of G-protem coupled receptors by changes in 
calcium-dependenr chloride conductance in transfected X. 
laevis oocytes, as described in Lynch et al . , supra 

25 (1999) . 

A method of identifying ADP-glucose receptor 
agonists and antagonists can be performed either in the 
presence of a known ADP-glucose receptor agonist (e.g. 
30 ADP-glucose or ADP-ribose), or in the absence of agonist. 
When present, the agonist concentration is preferably 
within 10-fold of the EC under the assay conditions. 
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Thus, an agonist that competes with ADP-glucose or ADP- 
ribc'se for signaling through the ADP-glucC'Se receptor, or 
indirectly pc^tentiates signaling, can be readily 
identified. Likewise, an antagonist that prevents 
5 Al^r -glucc'se c-r AOP-ribose frcim binding its receptor, or 
incirecrly decreases signaling, can also> h^e identified. 
Such cc'mf'cnjnds that demc-ns t ra te agc-nistic and 
an tagc'nist ic effects in the p-resence C'f AC'P-g iuc-jse are 
particularly useful for therapeutic ar^p 1 ica t i ons , in 
10 which phys i'jlc'gical cc-ncentra t ic^ns of circulat'jry 
AZ-P-g I ucose or ADP-rir-ose are likely tc- be present. 

The invent i'?n also prC'Vides a method of 
iiuentifying an AOP-glucc^se recer^tor ligand. The method 
is practiced by rc'ntacring an AZ^P-g 1 ucC'Se recept'^r with 
15 one C'r mc^re candiaate cc^mpounds under c ontl i t i c^ns that 

allow selective r-inding b'O'ween ACfp-g 1 ucose recer-tor and 
AL'P-gluC'jse . A compciuna tnat selectively binds AjP- 
glucC'Se receptor is characterized as an ADE'-g 1 uc'jse 
recep'tor 1 1 gand . 

20 As used herein, the term "AOP-gl uct'se receptor 

ligand" refers to any t'icd'jgical cir chemical cjmpC'und 
tnat selectively binds an APP-glucose recepitor 
pC'lypept ide . An ''ADP - glu s ose r^^ceptor ligand" can 
furtner tie an agcinist or antag-jnist of ADP-glucose 

25 recer^tor, as described above, ^^r can be a compounci having 
little or no effect on ADP-glucC'Se receptor signaling. 
In addition to applications descrioed herein for agonists 
an'd antagonists, an AE^P-giuc-ose receptc^r ligand can be 
used, for example, to specifically target a diagnostic 

30 moiety to cells and tissues th^Zit express ADP-glucose 

receptor. Thus, an AE'P-glu ::ose receptor ligand san be 
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labeled with a detectable moiety, such as a radiolabel, 
f luorochrome, ferromagnetic substance, or luminescent 
substance, and used to detect normal or abnormal 
expression of an ADP-glucose receptor p-olypeptide in an 
isC'lated sample c>r in in vivo diagnostic imiaging 
procedures. Likewise, an ADP-glucose receptor ligand can 
be labeled with a therapeutic moiety, such as a cytotoxic 
or cytostatic agent or radioisotope, and administered in 
an effective amount to arrest proliferation or kill a 
cell or tissue that aberrantly expresses ADP-glucose 
receptor . 

An AE^P-glucose receptor ligand that 
^^selectively binds" AE'P-glucose receptor binds an ADP- 
glucose receptor polypeptide with high affinity, but does 
not bind, or binds with at least a 100-fold lower 
affinity, under the same conditions to a structurally 
related receptor that is not an ADP-glucose receptor, 
such as UDP-glucose receptor. Human UDP-glucose receptor 
designated KIAAOOOl (GenBank accession no. D13626 
(Q15391)) is described in Chambers et al., J. Biol. Chem. 
275:10767-10771 (2000). High affinity binding to ADP- 
glucose receptor is evidenced by a dissociation constant 
(Kd) of less than about 10"' M, preferably less than about 
10"-' M, more preferably less than about 10"'' M, most 
preferably less than about 10" M. 

Receptor binding assays, including 
high-throughput automated binding assays, and methods of 
determining Kd from such assays, are well known in the 
art, and any suitable direct or competitive binding assay 
can be used. 
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Exemplary high- throughput receptor binding 
assays are described, for example, in Mel lent i n-Miirelotti 
et al,, Anal, Biochem . 272:P182-190 (1999); Zuck ez al , , 
?roc. Natl. Acad, Sci, USA 9 5 : 1 1 1 22 - 1 1 1 1 7 (1999); and 
5 Zhang et al . , Anal , Biochem . 2o8; 134-142 (1999). Tne 
assay format can employ a cell, cell membrane, or 
artificial membrane system, so Ic-ng as the ADP-glucose 
receptor is in a suitaole cc'n f c- rma t b^n fc-r binding ADP- 
glucC'se with a similarly affinity and specificity as an 
10 AL)?-glucose receptor exjjressed or. the surface of a 
mammal lan cell. 

Aripr C'pri a te ioinding a-^ays car. involve 
detectaijly laoeling a candidate C'jmpC'Unc, or competing an 
unlabelea candidate cc>mp'Oun':i wit:h detectably labeled ADP- 
glucc'se. As used herein, the term "detectably labeled" 
refers to derivatic-n with, or ■rc'n i uga t i':/n tc*, a mioiety 
that is detectable by any analytical means. An exemplary 
detectaiide moiety is a rad i C'is-otC'pe (e.g. 'C, '"'I, " P or 
'H) , fluorochrome (e.g. fluoroscein, green fluorescent 
protein) , f errt^miagnet ic sut'Stance, c^r luminescent 
substance. Methoas of detectably iat'eling Cirganic and 
inorganic C'jmpC'Unds with such moieties are well known in 
the art. Detectably lar-eled AOP-glucose useful in the 
methoiis disclc'sed herein generally retains its ability to 
bind ADP-glucc^se receptor at cc-ncen t r a t i c-ns within 10- 
fold of the EC for unlabeled ADP-glucose. 

Additionally, ligand binding can be assayed 
using fluorescence resonance energy transfer (FP:ET). For 
examfile, Fr:ET can be used t :» detect transfer of 
30 fluorescence between a f luc^res rent ly laoeled ADP-glucose 
receptor and either a f luorescently labeled ligand or a 



15 



20 



25 
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f luc-rescent ly labeled effector, upcin t'inding of the 
ligand to the recep'tor (see, for example, Zhou et al., 
Mol . Endocrinol . 1 2 : 1 5 :^ 4 - 1 6 d 4 (19 9 ) ) . 

5 A['?-g lucc'se itself, and the ADP-glucose 

receptor agonists (e.g. AZ^P- r it'Ose ) and antagoni sts 
identified using tne methC'ds and compC'S i t ions described 
herein, are therapeutic cc-mpc-unas that can be 
aanii n Lster ed "zo an individual, such as a human or other 
10 mamjrial, in an effective aniC'unt to increase or decrease 
signaling thrc-ugn :ne A j?-glucC'Se recep-tor, and thus tC' 
prevent or amelic'rate a AZ>?-gl ucC'Se recepcc^r associated 
conai ticin . 

As used nerein, the term "A j? -gluc-ose receptC'r 
15 assciCiated conditicci" refers tCi any ar^normal 

pnys i'Olc-^ i ca 1 'Or p^sych-j I 'jgi c a I ccciditic^n in which a 
quant itative or qualitative alterative, in signaling 
through the AO? -g 1 ucc-se recepitcir contributes to the 
eti'jl-igy c-r synipt'Oms C)f the condition. An AHiP-gluc'Ose 
20 recep'tcir-associated condition also includes any 

ohysiolcigica l or psycholc-gi ca 1 c iindit ion in which 
increasing or decreasing signaling thr-ough the ADP- 
glucC'Se recec-ti'r has a t'eneficial effect in the 
i nd i vi du a 1 . 

25 As described herein, signaling thr'Ough the ADP 

gl^cC'Se recep'tor leads to p)>:>tent effects on contractile 
responses by smooth muscles. Therefore, ADP-glucose 
receptor-asscic i ated condit i ons inc lude conditic^ns in 
which it is desirable to modulate excitability and 

30 contractility of smooth mus:;les, either systemisally or 
within sp)ecific organs or tissues. 
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For example, modulation of smooth muscle 
contractility is beneficial in modulating 
qastrciintest inal f unctic^n . Theref c^re , A l'P- glucose 
receptC'r agc^nists or antagc^nists can be used to treat 
5 gas trc^intest inal disc-rders, such as diarrhea, gastritis, 
and inflammatory bc'wel disease, as well as for 
P'rec'per ative- silencing ot intestinal motility. 

Addi tic>nal ly, smooth muscle tone is necessary 
fc'E the function ot vasc^ular tissues. As described 

10 herein, signaling thrc'ugh the Aj?-glucose rereptcr 
induces vasorelaxation in rat arterial tissue 
p^repa rat ic^ns . The re f c-re , the ADP-glucC'Se recep' tc- r 
agcnists or antagc^nists can be used tC' mc>aulate vascular 
SHM'jth muscle function oy acting as vasocc>ns t r let ors or 

15 vasc'di lat'jrs . C':*nditions in which agents that act as 

vaS'jC'jns t r ictor s c^r va sc-di 1 a t rs are bene f ic i a i i nclude 
disc'rders of cardi -jvascula r functi^jn such as ischemia, 
hyr^er tens ion , hyp-o tens i on , ang ina pea o r i s , myoca rdi al 
infarction, stroke, c-ongestive heart failure, sh'jck, 

20 erectile dysfunction, orthcistatic int'jlerance, and 
migraine . 

Consistent with the determination that 
signaling tnr<jugh the AL'P-gl ucose receptc^r affects 
vascular function, it has recently been reported that 

25 cyclic perfusion of AjP- r ikiose , disclosed herein to be an 
A[>?-glucose receptor agonist, in isolated frog heart 
induces a dose-dependent decrease in heart rate and 
contraction force, as well as a decrease in the action 
pC'tential duration and rate of rise in the sinus node. 

30 Addi t i cnally , system.is administration of ADP-ribose to 
unanes thetised frogs induced a reversible increase in 
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heart rate, likely due to sympathetic effects (Sosulina 
et al., Pr.s.s Fizjnl Zh Im T M .Sechenova 85:508-514 
(1999); English at^stract). 

AS described herein, signaling through the ADP- 
5 glucose receptor inhibits smooth muscle contractions 

induced by electrical stimulation, but not those induced 
by muscarinic agonist stimulation. Electrical 
stim.ulation of guinea pig ileum is known to lead to 
neuronal release of acetylcholine, which subsequently 
10 activates M3 muscarinic receptors on smooth muscle cells 
to produce contractions. Therefore, these results are 
consistent with signaling through the ADP-glucose 
receptor affecting acetylcholine release or function, 
rather than having a direct inhibitory effect on smooth 
15 muscle cells. 

Acetylcholine has a variety of effects 
throughout the body. For example, acetylcholine is 
involved in vasodilation; eye iris contraction; 
contraction of the ciliary muscle of the eye; secretion 
20 from the salivary and lacrimal glands; bronchial 

constriction and secretion; gastrointestinal tone and 
secretion; gastrointestinal and urinary sphincter 
relaxation; and male erection. Therefore, agonists and 
-^h^ anp-alucose receptor can be involved 
25 in regulating such effects of acetylcholine. 
Acetylcholine has also been implicated in the 
pathogenesis of affective disorders, with the 
hypercholinergic state associated with depression, and 
the hypocholinergic state associated with mania. 
30 Therefore, agonists and antagonists of the ADP-glucose 
receptor can also be used to affect mood. 
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Additionally, signaling through the ADP-glucose 
receptor inhibits longitudinal muscle contractions 
induced by histamine. Histamine is known to be released 
from mast cells, and produces smooth muscle contractions 
5 by activating HI histamine receptors located on smooth 
muscle cells. Therefore, signaling through the ADP- 
glucose receptor pc-tentially inhibits histamine release 
by mast cells, or inhibits its effects on smooth muscle 
cells. Histamines have a variety of effects throughout 

10 the peripheral tissues and nervous system, including 
promoting vasodilation, vascular permeability, 
tachycardia, bronchospasm, inf lamma t ic-n , urticaria, 
anaphylaxis and asthma. Therefore, AdP-glucose receptor 
agonists and antagonists can be used in a manner similar 

15 to antihistamines to prevent or treat allergic, 
inf laminatory, and respiratory conditions. 

In view of the fact that ATP, which is formed 
by phosphorylation of ADP, and glucose, are the main 
sources of metabolic energy in most living organisms, a 

20 signaling molecule composed of ADP and glucose may signal 
to the organism the available energy resources. 
Accordingly, modulating signaling through the ADP-glucose 
receptor can be used to prevent or treat conditions 
associated with aberrant recognition or utilization of 

25 energy resources, such as disorders of glucose metabolism 
(e.g. glycogen storage disease, galactosemia), and 
disorders of body weight. Disorders involving increased 
body weight can be associated with overeating and/or 
endocrine dysfunction, and can trigger serious associated 

30 medical conditions, including hypertension, diabetes, 

cardiovascular disease and psychological maladjustments. 
Disorders involving decreased body weight include weight 
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loss and wasting occurring during the cc-urse of a crhronic 
disease such as cancer or AIE^S, or as a result of a 
psych'jlogical cc-ndition such as in anorexia. 

Addi:: i 'jnal ly , AL'?-g lucc'se is rinown to be an 
5 impcirtant metah-jlite in bacteria during the synthesis of 
glycc'gen from ATP and gluccise-l-p-hosp-hate . In mammals, 
hC'Wever, glycogen is synthesized frc^m UDP-glucc.se rather 
than Ali? -glucose . Signaling thrc'ugh the AjP-glucose 
recer^cc^r may thus reflect the p'resence of bacterial 

10 pa 1 h<:>gen3 , and be involved in host aeferise responses 
tneretC' (e.g. inflammation, fever, shock, aches, flu 
symp'tonis) . AcC'jrdingly , AC'P-gluccise receptor agc-nists 
and antagonists can be used tc^ p'revent or treat 
cc-nditiions assc'Clated witn infect i'On by t^acterial 

15 r^a t h'ogens . 

In plants and hiacteria the format i'jn of 
A[i?-glucose is catalyzed by AD?-glucose 

py rc>pnosphory 1 ase , wn ion can a l3C> nydrc> 1 y ze AH) P- glucose 
dep^ending c^n the concent ra t ic-n equilibrium. A related 

20 enzyme has recently been clc-ned frc-m human anci rat, 

termed YSAIH or NdDT5, which has a very similar tissue 
di s t r Ibut i 'jn of expressicin as AD?-glucose receptor (Gasmi 
et al., Brocnem. J , 344:3 ?l-:;37 (1999); Yang et al., 
Biol. Chem . 2 7 5:8844-3353 (2000)). NUDT5 could therefore 

25 play a rc-le in the synthesis or degradation of 
ADP-gluC'Ose and/or ADP-ribc-se as transmitters. 
Therefcire, ADP-gl uc<:)se receptor agonists and antagonists 
can be used to prevent or treat conditic'ns associated 
with abnc-rmal expression or function of YSAIH or NUDT5, 

30 and with physic-lc-gical respc^nses thereto. 
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ALiP-glucose receptor is present on a 250 kb 
genc'mic fragment of chromcisome 3 that, contains the Usher 
synarome type 3 (USH3) iocus . Usher syndrc^me typ^e 3 is 
an autO'Somal recessive disorder associated with 
5 progressive hearing Ic^ss ana retinal degenera tiC'n . 

Therefore, ADP-glucose receptc-r is a candiaate gene fo^r 
the USH3 locus, and altered express i-jn c-r functi-^n of the 
recec't'i^r may be causally associated with the syndrome. 
A c c r a i n g 1 y , A J P - g 1 u c s e receptor a g n i s t s and 
10 antag'inists can t^e used lo prevent c^r treat nearing loss, 
retinal degeneration, and other symptoms assc'ciated with 
U s n e r s y n d r c^me t y t' e 3 . 

Because of the widespread distribution of ADP- 
gluC':>se recep^tC'r, a variety of conditions can be "ADP- 

15 glucc'se recept'Or - assC'C iat ed cc^nd i t ic^ns " amenable t o 
C'revention or treatment oy administration jf an AoP- 
gluC'Ose receptC'r ligand, agc^nist or antagonist. Such 
conditions include, but are nc't limited to, cc^nditions 
that affect the cardi C'Vascu 1 a r system, as d.escribed 

20 j: revic'usly ; immune system (e.g. immunc'de f i ciency 
disc'rcers, autoimmune dis-jraers such as multiple 
sclerc'sis and rheumato-id arthritis, k-acteriai, fungal, 
protC'Z'jan and viral i nf ect ic-ns ) ; resf'iratory system (e.g. 
r est'i ratory distress system, asthmia, pneum.onia, 

25 bronchitis); kidney (e.g. g 1 -jme r u lonep'h r i t i s , renal 

failure, lupius); hepatobiliary system (e.g. jaundice, 
cirrht'Sis, hepatitis); endocrine system (e.g. pituitary, 
thyro>id, adrenal, ret-roiduct i ve dysfunctions) ; 
musculoskeletal system (e.g. os teoporc-sis , muscular 

30 dys t rciohies ) ; and nervous system (e.g. neurodegenerative 
di s orders , including Pa r k ins i-n ' s disease, Huntington's 
disease, and Alzheimer's disease; pain; and psychiatric 
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disorders, including depression, anxiety and 
schizophrenia, disorders of memory, attention and 
learning, and disorders of the sleep-wake cycle), as well 
as disorders that affect specific organs, such as benign 
5 and malignant tumors (e.g. breast cancer, lung cancer, 
colon cancer, skin cancer) . 

In one emibodiment, the invention provides a 
method of ameliorating an ADF-glucose receptor associated 
condition by administering to an individual an effective 
10 amount of a therapeutic composition comprising ADP- 
glucose, or an ADP-glucose receptor agonist or 
antagonist. As descrioed m Examples II and III, below, 
ADP-glucose induces inhibits contractile responses in 
guinea pig ileum and induces vasorelaxation in rat 
15 arterial tissues. Therefore, ADP glucose or an ADP- 
glucose receptor agonist or antagonist can be used, for 
example, to treat disorders involving smooth muscle 
contraction, including disorders of cardiovascular 
function, by inducing or inhibiting relaxation or 
20 constriction of the affected smooth muscle, as warranted 
by the particular condition. 

The efficacy of a therapeutic compound of the 
invention in treating an ADP-glucose receptor associated 

. , ■ ■ - ^1 . . _ -; ^ v-r-^ i K 1 c3 i ma T mode 1 s 
25 condition can loe aetermined uoing c^c^-^.^^ a ia_ 

of hum.an Disease, which are well known in the art, or 

using normal animals. For example, animal models of 

cardiovascular disorders, such as pulmonary hypertension, 

congestive heart failure, and the like, are available. 

30 The efficacy of a therapeutic compound in am.elior ating a 

cardiovascular condition can be determined by 

administering the compound to the animal and determining 
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the effect of the compound on an index of cardiovascular 
function correlated with the disease state, or the effect 
of the compound on ameliorating the disease state. 

Exemplary indices of cardiovascular function 
that can be measured to determine the effect of a 
therapeutic compound include systemic arterial pressure, 
pulmonary arterial pressure, and heart rate. Such 
indices can be measured at a particular endpoint, or can 
10 be measured continuously. A radiotelemetry system, such 
as the system described in Mills et al., J. Appl ■ 
Phvsiol . 83:1537-1544 (2000), can advantageously be used 
to continuously monitor blood pressure and heart rate in 
freely moving animals, and thus to determine the effect 
15 of the therapeutic compound on such indices. Those 

skilled in the art understand which indices of function, 
and which animal models, are correlated with human ADP- 
glucose receptor associated conditions. 

The therapeutic compounds of the invention can 
20 be formulated and administered in a manner and in an 

amount appropriate for the condition to be treated; the 
weight, gender, age and health of the individual; the 
biochemical nature, bioactivity, bioavailability and side 
effects of the particular compound; and in a manner 
25 compatible with concurrent treatment regimens. An 
appropriate amount and formulation for a particular 
therapeutic application in humans can be extrapolated 
based on the activity of the compound m the in vitro 
binding and signaling assays described herein, or from 
30 recognized animal models of the particular disorder, as 
described above. 
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The total amount of therapeutic compound can be 
administered as a srngie dose or by rnfusron over a 
relatively short period of time, or can be admlnrstered 
in multiple doses administered over a more prolonged 

5 period of time. Additionally, the compound can be 
administered rn a slo^-rclease matrrce, which can be 
implanted for systemic delrvery at or near the srte of 
the target tissue. Contemplated matrices useful .or 
controlled release of therapeutic compounds are we_l 

10 known in the art, and rndude materials such as 

DepoFoam^, oiopolymers, micropumps, and tne Irte. 

The therapeutic compounds can be administered 
to an indrvidual by routes known in the art including, 
fo' example, intravenously, rnt ramuscular ly , 
15 subcutaneously, int raorbi tal ly , rnt racapsula rly , 

intraperrtoneally, rn t racis ternal ly , int r a-ar t rcular 1 y , 
irtracerebrally, orally, rntravaginally, rectaUy, 
topically, rntranas.lly, or t ransdermally . A preferred 
route for humans is oral administration. 

Dipterably, the therapeutic compounds are 
administered to a subject as a pharmaceutical composition 
comprising the compound and a pharmaceutically acceptable 
carrier The choice of pharmaceutically acceptable 
carrier depends on the route of administration of the 
25 compound and on its particular physical and chemical 

t.ristics Pharmaceutically acceptable carriers 
,ie well known in the art and include sterile aqueous 
solvents such as physiologically buffered saline, and 
.ther solvents or vehicles such as glycols, glycerol, 
30 Oils such as olive oil and injectable organic esters. A 
pharmaceutically acceptable carrier can further contain 



54 



physiologically acceptable compounds that stabilize the 
compound, increase its solubility, or increase its 
absorption. Such physiologically acceptable compounds 
include carbohydrates such as glucose, sucrose or 
5 dextrans; antioxidants, such as ascorbic acid or 

glutathione; chelating agents; and low molecular weight 
proteins. 

For applications that require the compounds and 
compositions to cross the blood-bram barrier, or to 

10 cross the cell membrane, formulations that increase the 
lipophilicity of the compound are particularly desirable. 
For exam.ple, the compounds of the invention can be 
incorporated into liposomes (Gregcriadis , Liposome 
Technology, Vols. I to III, 2nd ed. (CRC Press, Boca 

15 Raton FL (1993)). Liposomes, which consist of 
phospholipids or other lipids, are nontoxic, 

■ -, _ -,4 ^-.T n a--pnf-3b 'f= and metabolizable carriers 
pnysioiogj-Cai- y a'.^'-.ep ^^i- ai.-i. ii- 

that are relatively simple to make and administer. 

The invention also provides methods of 
20 identifying an individual having or susceptible to an 
ADP-glucose receptor associated condition. Such 
knowledge allows optimal medical care for the individual, 
including appropriate genetic counseling and prophylactic 
and therapeutic intervention. 

25 In one embodiment, the m.ethod is practiced by 

detecting a nucleic acid molecule which specifically 
hybridizes to the com.plemenT: of SEQ ID N0:1 in a test 
sample. Abnorm.al expression of ADP-glucose receptor 
nucleic acid molecule in the sample, relative to a normal 

30 control sample, indizates that the individual has, or is 
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,Uble to. an ADP-glu.o.e recepto.-assoc.et.d 

susceptiDie u^, 

condition. 

. term "abnormal expression" 

used here.n, the te ^^^^^^^ ^^^^^^ 

,:,P-,lucose receptor / ^^^^^^^ ,,,, 

- an -="--7,^tr:::tTa:;o'"r..at.e to 
„.,ecuie detecte rn . ^ ^^^^^^^ 

e.pressron of SEQ ^^^^ „3ult, 

Altered abundance • „anscr rpt ion, from 

for e>:ampie, from an a tere ^^^^^^^ ^^^^^ ^^^^^^ 

,,«red transcrrpt ^^^^^'^ ' ' .^^ ^,,„„,3ted wrth 
- -""rrnL:::^ deietrons, cnromosomai 

p„,„t _3,,,,..ns and other 

OP-,iucose receptor .ene. 

rearrangements m tn. 

. ..rietv Of assays, and a V r t^^ .^^^^^ 

nvbrrdrcatron probes, -"J^lntron. can be 

— and pcivnuc-tr-^ ^^^^^^^^^ 3,,,,,,eaiiV 
used to detect a nuclei, ^ ^^^^ 

n,brrdr.es to the — J, ,,„.e to detect 

'° presslon of an .:.-,.ucose 

" «lecule can be determrned 

receptor nucleic acid mo identify, 
depending on the alteration it i» d.s 

, , H »,savs include, for example, in 
contemplated assays ^^^^^^ 

" >'"r;r::i::r::.-::.;r. 

chromosomal ioca - altered RUA abundance, 

altered gene copy number, or - - ^^^^^^^^ 

^. ^ the format used. o^n.^ 
depending on the p,„„ction assays, 

„ mrr: ;r......... «. - 
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integrity of RTJA; Southern blots, which can be used to 
determine the '■:opy number and integrity of DNA; SSCP 
analysis, which can detect single point m^utations in DNA, 
sucn as in a ?CP or RT-PCP pr'jduct; and direct sequencing 
5 of nucleic acid fragments, such as PCP amplification 
fragments. MethC'ds of perfc^rming such assays are well 
known in the art. An exemplary assay, described in the 
Example, below, is a Northern blot assay, in which mRNA 
from a cell sample is probed with a detect ably labeled 
10 nucleic acid m^ilecule encoding SEC' IS' NC) : 2 to determine 
expressic'n of the endc>aenous A SP-gluci'Se t ranscr ip^t . 

In another embodiment, tne metnc^d is practiced 
by detecting a polypeptide which sp^eci f leal ly binds an 
ADP-glucose recer^t'ir li'iiand in a test samp-le. Abnormal 
15 exp'ress i-jn of an Ajp-gluc-ise recec'tor polypeptide in the 
sample indicates that trie individual has or is 
suscept ih'le to an AE'?-g lucose recep'tc>r-associated 
cond i t ion . 

As used herein, the term "abnormal expression" 
20 C'f an ADP-glucC'Se receptor polypec'tide refers to an 
increased or decreased amount, altered subcellular 
localization, altered structure, c^r altered signaling 
activity, of the detected pi'lypept ide in a test sample 
relative to that of SEQ ID NO: 2 in a normal control 
25 sample. Altered abundance C'f a polypeptide can result 
from altered rate of translation or altered copy number 
of the cor resp'jndi ng transcript, or from altered 
stability of the pr<jtein. Altered subcellular 
I'jcal i zat ion can result from truncation or inactivation 
30 of a sorting sequence, from fusion with another 

polypeptide sequen::e, or altered interaction with other 
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cellular polypeptides. Altered structure, as well as 
altered abundance, local izatien or activity c-f the 
pcdypeptide, can result from chrijmos carnal deletions and 
other mutaoi'jns, as well as frc'm altered expression of 
5 cellular effectc-r molecules. 

A variety of assays, and a variety of ligand 
prC'bes can be used tc* detect expression of an ADP-glucose 
recep'tor in a test sample. Exemrdary ligand probes 
include the antibo>:iies C'f the invent L-Dn, decectabiy 
10 labeled Ali'P-glucose or ADr'-ribose, and tne ag^onists, 
antagonists and 1 igands identif'ieo by the methods 
described herein. The choice c^f assay f'jrmat and ligand 
prc'C^e will dep^end on the alteratic-n it is desired to 
i cent 1 f y . 

15 Ccmtemplated assays to detect expression of a 

p-:d yr-ef't ide in a ssmp'ie include m situ histcohemistry, 
irrjTLunoh'lot t i ng , immiunop rec ip i t at i c-n , FAC3 analysis, 
radic>ligand binding, ano ELISA analysis. Sucn assays can 
ho direct, using a detectaiDly iarieled ligand, or 

20 indirect, using a labeled secondary reagent, such as an 
anti- ligand antibody. Exemplary labels include 
fluorescent lah^els, enzymes, radioiS'Dtopes , and biotin, 
Eietection can be r^y any ccinvenient analytical mtcans, 
including by sr^ec t ropho tome t r ic , r adiog r aph ic or 

25 chemi luminescent means, depending on the assay. 

Assays to determine G-protein coupled signaling 
activity of Al)E'-g 1 ucose receptor have been described 
at'Ove in connection with screening assays to identify 
ADP-glucose receptor agcinists anu an t ag z^ni s t s . SimLilar 
30 assays can be used to ccimpare activity of an ADP-glucose 
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receptor polypeptide in a test sample with activity of 
the polypeptide designated SEQ ID M0:2 in a normal 
control sample. 

AS described above, ADP-glucose receptor is a 
5 candidate gene for the Usher syndrome type 3 locus. 

Whether or not there is a causal link between ADP-glucose 
receptor and IJSH3, detection of ADP-glucose receptor 
integrity or expression can be used as a marker for the 
integrity of the chromosomal region flanking the USH3 
10 locus, and thus serve as an indicator of propensity for 
development of USH3. 

As used herein, the term "sample" refers to any 
biological fluid, cell, tissue, organ or portion thereof, 
that IS appropriate to detect ADP-glucose receptor 

15 nucleic acids and polypeptides, and .nclades samples 

present in an individual as well as samples obtained or 
derived from the individual. For example, a sample can 
be a histologic section of a specimen obtained by biopsy, 
or cells that are placed in or adapted to tissue culture. 

20 A sample further can be a subcellular fraction or cell 

extract, or a crude or substantially pure nucleic acid or 
protein preparation. 

The appropriate source and method of preparing 
the sample can be determined by those skilled m the art, 

25 depending on the application of the detection method. 

For example, in order to detect structure of genomic DNA 
encoding ADP-glucose receptor, any convenient source of 
DNA, such as blood cells, lymph cells, cheek cells or 
skin cells, can be used. However, to detect expression 

30 of ADP-glucose receptor mRNA or protein, or determine 
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recep'tor activity, a sample should k-e obtained from a 
tissue that expresses ADP-glucose recep'tor. 



The following examples ar 



intended to 



illustrate but not limit the presen 



invention , 
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EXAMPLE I 



Cloning and pharmacoloQical characterization 



of hxaman ADP-glucose receptor 



This examp'le shc-ws the cloning and 
characterizaticin of a novel reoep'tor that speoifioally 
10 transduces G-protein cc'upded signals in response to ADP- 
glucose . 

Cloning of the human ADP-glucose receptor 



pr'Dtein occupied recepr.-:>r for UDP-glucose (Chambers et 
15 al., J. Biol. Chem . 27 5:107 67-1077 1 (2000)), it was 

predicted that related sugar-nucleoside receptcirs exist 
in the human genome. Accordingly, the amino acid 
sequence of the UDP-glucC'Se receptor (p;iAA0001 ; GenBank 
accession no. D13626 (Q15591)) was searched against human 
20 genomic DNA sequences in GenBank using the TBLA3TN 

aigorithm (Aitschul et al., J. Mol. Biol . 215:403-410 
(i990)). A human genomic clone (accession no. AC024886) 
was identified that exhitdted 47% identity and 65^^ 
C'verall homology to the query sequence. Tne receptor 
25 gene appiears to be intronless since a contiguous open 
reading frame was present at the genomic level. 



Based on the recent identification 
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The genomic fragment containing the receptor 
gene was amplified by two rounds of nested PGR (first 
round primers: 5' ATGGAGGGGAAGCTAGAGAAGAGT (SEQ ID tI0:3) 
and 5' TAGCGCTTTGCTTTAACGAGTTC (SEQ ID NO : 4 ) ; second 
round primers: 5' ACTG AAGCTT TAGGCTGAAAATAACCATCCTCTC (SEQ 
ID NO: 5) including a Hindlll restriction site 
(underlined) and 5' CGACTCGAGTAGCGCTTTGCTTTAACGAGTTC (SEQ 
ID NO:b) including an Xhol restiction site (underlined). 
The resulting product was cloned into the mammalian 
expression vector pCDNAS . 1 ( + ) -Neo (Invitrogen) and 
sequenced . 



The 114 3 bp nucleotide sequence of the 
amplifiea product (SEQ ID 110:1), and the deduced 342 
am.no acid sequence of the encoded polypeptide (SEQ ID 
15 m:2), are shown in Figure 1. The translated protein 
contains characteristic features of a G-protein coupled 
receptor, including 7 hydrophobic domains, the "DRY" 
motif at the C-terminal end of the predicted third 
transmembrane domain and a number of conserved proline 
and asparagine residues found in virtually all G-protem 
coupled receptors. 



20 



Multiple sequence alignments and phylogenetic 
trees were constructed with MegAlign (DNAStar, Madison, 
WI) using the CLUSTAL algorithm. Based on this analysis, 
25 other closely related G-protein coupled receptors include 
receptors for platelet-activating factor (32% identity; 
50% homology), thrombin (23%; 44%), the orphan receptors 
H963 (33%; 52% ), GPP34 (31%; 47%) and the putative 
purinoreceptors P2Y10 (28%; 43%) and P2Y9 (27%; 49%). 
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Characterization of the cloned human ADP-glucose receptor 
and of the RDF-glucose receptor endogenously expressed in 
HEK 293 cells 

In order to characterize the function of the 
5 encoded receptor, the pCDNA3.1 expression construct 

containing the amplified receptor gene was transiently 
transfected into human embryonic kidney (HEK 293) cells 
or Chinese hamster ovary (CHO) cells. HEK 293 cells were 
cultured in DMEM containing 30% fetal bovine serum (FBS), 
10 and CHO cells were cultured in alpha-MEM with 5% FBS. 
All cells were kept at 37 -C in a 5% CO, atmosphere. 

For certain experiments, the cells were 
transiently cotransf ectea with the receptor construct and 
equimolar ratios of the G-protein alpha subunit Gal6 
15 and/or the chimeric subunit Gai3 m pCDNA3.1 (described 
in Saito et al . , Nature 265-::69 (1999)). For functional 
assays measuring intracellular calcium, twenty-four hours 
after transf ection, cells were seeded into black 
clear-bottom 96-well plates at a density of 50,000 
20 cells/well. Following overnight incubation the cells 

were loaded for 1 h with l^M of the fluorescent calcium 
indicator dye Fluo4-AM (Molecular Probes) dissolved in 
assay buffer containing Hank's balanced salts, 20 mM 
HEPES, 1% FBS, 2.5 mM probenecid, pH 7.4. After loading, 
25 the cells were washed three times with assay buffer 
without FBS. Addition of drugs and measurement of 
changes in intracellular calcium were performed using a 
fluorim.etric im.aging plate reader (FLIPR, Molecular 
Devices). Agonist responses were determined using the 
30 maximum change m fluorescence over baseline. 
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To enforce coupling of the novel receptor to 
the phospho I ipase C pathway, CHC) cells were transiently 
cot rans f ected with expression C'jn3::ructs C(.:-nta i ning the 
amplifieo rei^eptor DIIA, Gal^:. and a chimerL-: Gc^q subunit 
5 carrying the C-terminal tail c-f Gai.3. Frc-n amc'ng 
ADP-glucose , CDP-glucose , (^DP-g lU'-:ose , U Jp-gl U'-:^ose , 
TDP-glucose, ADP-rihose, AMP, ADP, ATP, and adenosine 
(all oh'taineii from Sigma) , and ADP-mannose (a gift of 
Drs. H. Yang and J. H. Miller, University of California, 
10 Los Angeles), only ADP-glucose and ADP-ribose induced a 
dc>se-der:»endent and transient increase in i r:t racellular 
Ca ' ([Ca^] ) levels :.n transfected but not in 
untrans footed cells. 

As shown in Figure 2, AL:'E'-gl ucc-s- in^iuced a 
15 transient increase in [Ca-^]: with an EC ■ ■ j f 2.9::: - 0.22 

yM in CHO cells transiently transfected with the receptor 
cc'nstrucr togetner w.Lth GalG and ivi^qio (E^i-jure 2A, filled 
squares). The closely related molecule APP-ribose could 
also activate the transfected recept<or sp^ecif ically, 
20 although less potently in the same assay {Figure 2A, open 
circles; EC = 59.4 ± 7.3 yM) . ADP-mannose was unable to 
activate the receptor, although miannc^se and glucose are 
epimers, differing only in the spatial orientation of one 
hydroxyl group. Dose-response curves were calculated 
25 using GraphPad Prism iGrap'hPad S-oftware Inc.). 

In order to determine the preferential G- 
protein coupling cif the ADP-g luci)se receptor, 
mobilization of [Ca*]^ was examined in CHO cells 
exr-ressing either the receptor alc-ne o-r in co^mbination 
30 with either Gal6 or Gaqi3. In cells cot rans feet ed with 

the ADP-glucose receptor and Gagit, ADP-glucose a::tivated 
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the receptor with an EC of 8..': ± 1.3 pM, whereas the 
combination oi ADP-glucose receptor with Galo showed an 
EC ' 'jf 11.8 + 2.4 jjM. CH'J cells expressin^g ADP-glucose 
recep-tor alone strll displayed molji li::atio'n of 
5 intracellular Ca-' upon stimulation with ADP-glucose, with 
an EC value was only 24.0 ±4.1 pM . 

Tnese results indicate that the ADP-glucose 
recep-tor naturally cC'UP'les zo bozYi the Guq- and Cai-type 
of Ci protei:\s, but can also interact with Col6. 
10 CC'Oxr-ression o: multiple G alpha subunits can increase 
tne efficacy ot of tne agc^nrst AZ'P-glucose to couple to 
sec-jnd messenger systemis in a synergistic manner, ::hus 
ic'wering the 'jloservec E-: - value. 

The ADP-gluc'jse recer-t «:> r co^nstruct was alsc 
15 exr'r--ssed in HEP' P93 cells. H':;'Wevt:.^r , uc-jn s timiulat ic^n 

with ADP-glucose, un t rans f ecte-u HE?: 29? cells exnibited a 
S'. f'Ong mobi 1 i zat i ■:'n 'i-f [Ca*]^ which v;as indistinguishable 
fi'im transfected ^:ells, Tt was theref-ire cciiciudeo that 
HE?; 2 93 ceils exc-ress an endogenous G-p^ritein coupled 
20 recertiir specific for ADP-g luci'se . HEP; 29 3 celis did not 
respi-nd tc- any 'if the I'ther nucie'iside-glucose cc-mpounds 
tested (ie. CDP-glucose, C-DP-gl uci'se , "DP-glucose c-r 
TDP-glucose) with an in^rrease in [Ca 'j . 

In HEP. 293 cells, stimulation of the endogenous 
25 ADE'-'iiiucose receptor witn AHiP-glucose increased with an 
EC of 2.90 ± 0.51 pM (Eigure 2B, filled squares). 
Transient cot rans feet ii^n i-f HE?; 293 cells witn the 
ci-ns^ruct encodm-j the cleaned ADP-glucose receptor 
together with G-:(16 did not r-roduce a significant change 
30 m potency of ADP-glusose to stimulate intracellular Ca ' 
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release (EC = 2.50 ± 0.82 pM) , indicating that the 
endogenous ADP-glucose receptor in HEK 293 cells might be 
identical to, or substantially similar to, the cloned 
receptor. 

5 In contrast to CHO cells, ADP-ribose behaved as 

a full agonist and potently increased in HEK 293 cells 
with an EC:, of 38.7 ± 10.6 pM (Figure 2B, open circles). 
This discrepancy could reflect the different subsets of G 
proteins expressed in the two cell lines, enabling a more 
10 efficient coupling of the receptor m HEK 293 versus CHO 
cells . 

Tissue distribution of ey.pressicn of human ADP-glucose 
receptor 

In order to assess expression and distribution 
15 of ADP-glucose receptor in hum.an tissues, a probe having 
the nucleotide sequence designated SEQ ID N0:1 was 
random-prame labeled with =^P-dCTP and used to hybridize 
to northern blots and dot blots under stringent 
conditions. Total RNA from HEK 293 cells was prepared 
20 using Trizol reagent {Life Technologies) . Thirty ug of 
HEK 293 total RNA were separated on a 1% agarose gel 
containing formaldehyde and transferred onto Hybond N 
membranes { Am.ersham- Pna rmacia Biotech) . A Multiple 
Tissue Northern Blot (MTiP) , and a Human RNA Master Blot^'^^ 
25 dot blot containing normalized amounts of mPNA from 

various human tissues were obtained from Clontech. Blots 

re hybridized at 65^C overnight. Final stringent 
.ashing was performed in 0.1 x SSC (0.15 M IJaCl, 0.015 M 
sodium citrate), 0.1% sodium dodecylsul f ate (0.15 M NaCl, 
30 0.015 M sodium citrate) at 6 
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In HEK 293 cells, an mRNA species of about 2500 
nucleotides hybridized under stringent conditions with 
the cloned ADP-qlucose receptc^r cDMA probe. This result 
is cc'nsistent with an interpretation that HEK 293 cells 
5 express an ADP-qlucose recep't-or having the same or 

substantially similar sequence as the cl-oned receptc^r. 

Hybridization to the human tissue Northern blot 
(Figure 3A) and human tissue dot blot (Figure 3B) under 
stringent conditi'jns revealed ubiquitc'us exp^ressic^n of 

10 AL'P-glucL'se receptor mFNA. Hiijhest levels of expression 
were detectea in liver, rdtuitary, adrenals, small 
intestine, pancreas ano kidney. Moderate levels ot 
expressi'on were oic'served in all brain regions analyzed. 
Weaker hytir idizat ion signals were detected in tdadder, 

15 aort5i and skeletal muscle. The different relative signal 
intensities t^etween the two bleats (e.g. f:or skeletal 
muscle) '^'julci oe due to the different norma 1 i zat icrn 
procedures (ie, tne Northern blot mRNAs v/ere normalized 
to equal loading of |3-actin mRNA, whereas the dot blot 

20 mRNAs were ncirmalized against eight different 
hc'usekeeping genes) . 

EXAMPLE II 

Physiological effects mediated by signaling 
through the ADP-glucose receptor 

25 This example shows the physiological effects of 

AuJP-glucose in guinea pig ileum. 

The ADP-glucose receptor appeared to be highly 
expressed in small intestine. Therefore, the effezts of 
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AEiP-glucose on contractile activity and evoked 
contractions in guinea pig ileum were examined. 

Ileal segments (about 2 cmj were prepared from 
5 male guinea pigs euthanized by asphyxia tic-n with CO and 
mc'unted in an organ bath filled with Kret-s-Pinger 
bicarbe-nate (p::F,B) buffer as describerJ in Thomas et al., 
Mol . Pharmacol . 44:102-110 (1993). Isometric 
C'jnt ract ions of the preparat ie-ns were measured with a 

10 f ■: roe transducer and recorded on a f:'Olygraph (Grass 

Inscruments ) . The contractile r^^sf-c-nses are expressed as 
the mass (g) required to generate the measured force. 
For contractile measurements of f ie l-:!- s t i mul a t ic^ns , ilea 
were mciunted Ijetween platinum ring electrodes cc-nnected 

15 to a stimulatijr (Grass SD9). Ilea were 1 ec t rica I ly 
stimulated {AO mV, 8 ms duration, 0.2 Hz) fc-r 5 min 
f'i'llowed oy a resting period of 8-10 min. 

Lirugs were 'diluted in KRB and added directly to 
the oath. For intraluminal drug artplicat ic^n a 

20 polyethylene tube (l.u.: 2 mm; length: 1.2 cm) was 

inserted about 3 mimi deep into the ileum ano fixed with a 
surgical thread. The other end of the preparation was 
closed tightly by a thread. The intubated ilea were 
mc^unted in the organ bath in sucn a way that the open end 

25 of the polyethylene tube was extending above the buffer 
surface. [irugs were administered to the ileal lumen 
using a Hamilton syringe. After each incubation, ilea 
were washed three times with KR3 an:i allc'wed to 
equilibrate for at least 10 mm. For some experiments 

30 ilea were removed from animals tnat had t'een treated with 
100 ug/kg pertussis t-oxin three days pric^r to the 
experiment. Dose response curves were ot^tainei m 
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separate experiments for each drug concentration tested 
in duplicate and EC values were calculated using 
GraphE'ad Pr i sm . 

In a series c^f initial experiments it was 
5 observed that addition of ADP-glucc-se cause-:! inhibition 
C'f sp'on tanec'Us cc-nt ract ions in the ileum preparations 
(Figure 4Aj . However, cue to the irregular nature of 
tnese contractions it was not possible to study 
dose-response relat ionsnips of pharmacological agents in 

10 such a preparat i C'n . Therefore, field-stimulation was 

used to elicit C'Ontract ions that are known tC) be mediated 
Dy neurC'nai release of acetylcholine activating M3 
muscarinic receptee rs (Ci'wie et al . , Brit. J. Pharmacc'l . 
^r4:565-:'30 {197?); F^iloinger et al., Eur. J. Pharmacol . 

15 10 3 : 313-320 ( 1934 ) } . 

Ai'P-g 1 ucose dose-dependent ly inhio 1 ted 
electrically evc^Ked cc-nt rac t ions with an EC value of 

+ 0.4 uM (Eigures 4B and 5A) . Maximally effective 
concent rati'cns c-f ADP-glucose produced 90% inhibition. 
20 AfiP-ribose produced very simiiar inhibitc-ry effects on 
el ect rically-evciked contract ions in these preparations , 
whereas other nucleC'S i de-diphosphoglucc'ses were 
i r: e f f e c t i v e . 

Pertussis toxin treatment greatly reduced the 
25 potency of ADP-glucose to inhibit electrically evoked 

C'jntract ions of guinea pig ileum preparations. As shown 
in Figure 5A, maximal inhibition was reduced to 4 0% and 
the EC value increased to 35.5 ± 5.5 pM after pertussis 
toxin treatment. These results suggest that a signal 
30 transduction pathway requiring Gi/c-type G proteins are 
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inv'jlved in the inhibition of contractile activity h-y 
ALiP-glucose in the guinea pig ileum. 



ADP-glucose occ 



urs abundantly in plants and 



5 bacteria. Therefcire, iz was investigated whether fciod or 
intestinal bacteria cc-uld be a sc'urce of ADP-glucc*se that 
wc^uld in turn influence intestinal mciti lity h^y signaling 
thr:i_;gh the AI»P-g 1 ucc-se receptor. Using a specialized 
setur* for intraluminal aominist ratic-n of drugs, no effect 

10 of ADP-glucose on f ie I a-s t imula t ed cc^nt ract i-ons could t^e 
cetected. However, when the ileal r: repiara t ic^ns were 
P'unctured Zo release intraluminal ci-ntent into the bath 
at the end C'f the c-Jcservat i 'jn peric-d, a strong inhitiition 
of. e 1 ect rical I y-ev':>kec^ cont ract i 'jns could k-e readily 

15 C'T-se rved . It tnus ar^pears that, althciugn the 

intraluminal ADP-g lucc-se haa not been metat'C'l i zed, it was 
nc't able to reacn the sm-jotn muscle layer anu the 
surrt'unding neural plexus by diffusion or cither transport 
mechanisms . 

20 Acet yli^holine and histamine are the mc^st 

studied transmitters to stimulate contractions of 
I'i'ngitudinal smooth muscles in the guinea pig ileum 
(Cowie et al., 3rit. J. Pharmacol . 64:565-o30 (1978); 
Marquardt, Clin. Rev. Aller-:[y 1:34 3-35 1 (193 3)). As 

25 shown in Figures 4C and 53, resp^ect i ve ly , ADP-glucose 

d I'Se-dep'Ondent ly i nhi tilted ni stamine- evoked contractions 
in guinea pig ileum preparations with an EC value of 6.2 
± 1.8 uM and a maximal inhibiticTi of 60%. In contrast, 
ci-nt r ac: ions prc>duced by the muscarinic ag'jnist 

30 oxot remiirine M were unaffected by ADP-gluC'ise . 
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Taken together, these results indicate that 
ADP-glucose, acting through the ADP-glucose receptor, 
inhibits contractile responses in guinea pig ileum, and 
that this effect is likely mediated by specific neuronal 
pathways rather than through a direct effect on smooth 
muscle cells. 



EXAMPLE III 



Vasorelaxation of rat arterial tissues mediated by 
signaling through the ADP-glucose receo tor 

This example shows the physiological effects of 
ADP-glucose in rat arterial tissues. 

The ADP-glucose receptor was sh'jwn to inhibit 
contractile response in guinea pig ileum and to be 
expressed in aorta. Therefoie, the effects of ADP- 
glucose on contractile activity in rat abdominal aorta, 
thoracic aorta and carotid arteries were examined. 

Rat arterial tissues were prepared as 
described previously (Duckies, S.P., J. Pharmacol. Exp. 
Ther . 240: 697-700 (1987); Sara Sangha et al., J. Appl ■ 
Physiol . 88: 507-517 (2000)). Briefly, maleWistar rats 
(250 g) were sacrificed by decapitation. The thoracic and 
abdominal aorta and the carotid artery were immediately 
removed and cleaned of adhering tissue. Arteries were 
cut into rings (about 3 mm in length) and mounted into an 
organ oath tilled with Kreb-Ringer-bicarbonate buffer at 
37 C (buffer composition: 119.2 m.M NaCl, 25 mM NaHCO., 4.9 
mM KCl, 1.2 mM MgSO;, 11.1 mM glucose, 0.114 mM ascorbic 
acid, pH 7.4). The buffer was aerated by bubbling with 
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95% 0 : 5^? CO . Arterial rings were connected to a force 
transducer and isometric contractions of zhe preparations 
v/ere recorded using MacLab. The contractile responses are 
expressed as the mass (g) requireo to generate the 
5 measured force. The arterial prep^arat i-ons were 

equilibrated for 'One hour az a resting force of ?. g and 
then challengea several times with 100 niM KCl to 
establish a baseline. 

To determine the effect of ADP-gluC'Ose on 
evoked contractions, arterial rings were preccint racted 
with either 0.3 yM phenylephrine or 0.3 ]jVi serotcmin. 
ADP-glucose was subsequently adaed to the arterial rings 
in a cumulat ive manner to estahdish a ^lose - response 
relationship between AL'P -glucose concent rat ion and 
arterial ring contraction. At the end -jf each 
exH'Or iment , residual cc-ns tr icti jn was reversed by the 
ad^iitlon of 1 'yjM acetylcholine. Each arterial 
prep^aration v/as tested in triplicate with each cumulative 
dosage scheme carried 'tut at least twice. Data are 
expressed as means ± S.E.M. and cose- respc-nse curves were 
calculated with Prism (GraphPad, San Dieg-t) . 

Fi':jure 6A shciws that ADP-glucose-induced 
re laxa t icin of pheny lephrine-f) recent r acted arterial 
preparations occurs in a dose-depienden t manner. Half 
25 maximal effective concentrations {EC50) of ADP-glucose 
were 13.6 ± 2.8 |iM in thoracic aorta (filled squares), 
6.67 ± 1.8 |iM in abdominal aorta (filled triangles), and 
3.1 ± 0.3; ]iM in carotid artery [filled diamonds), 
respectively. At the highest consent rati tn tested, 
30 maximal relaxation was between 40% - 50t in all three 
tissues . 
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. ^ , ^3 been descrrbed with 
,,,,„.,h the ^,,,3, .t should ^e 

.e.erence to the examples .^^^ ^^^^ ...hout 

^ . ..arious modifi'^a^ ^ ...ordmgly. 

understooa tha. ■ - ^ invention. - 
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25 the invention is 



